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sDjjuhjdwh Hpsor|phqw Ioxfwxdwlrqv zlwk
Plfurhfrqrplf Dv|pphwulhv
Mhuh| U1 Fdpsehoo Mrqdv G1P1 Ilvkhu|
Pdufk 8/ 4<<;}
Devwudfw
Zh surylgh d vlpsoh h{sodqdwlrq iru wkh revhuydwlrq wkdw wkh yduldqfh ri mre ghvwuxf0
wlrq lv juhdwhu wkdq wkh yduldqfh ri mre fuhdwlrq1 Lq rxu prgho surw pd{lpl}dwlrq lq
wkh suhvhqfh ri sursruwlrqdo sodqw0ohyho frvwv ri mre fuhdwlrq dqg ghvwuxfwlrq lpsolhv wkdw
vkulqnlqj sodqwv duh pruh vhqvlwlyh wkdq jurzlqj sodqwv wr djjuhjdwh vkrfnv1 Zh ghvfuleh
flufxpvwdqfhv lq zklfk wklv plfurhfrqrplf dv|pphwu| lv suhvhuyhg lq wkh djjuhjdwh dqg
vkrz wkdw lw fdq dffrxqw iru dv|pphwulhv lq wkh yduldelolw| ri mre fuhdwlrq dqg ghvwuxfwlrq
ri wkh nlqg revhuyhg lq wkh X1V1 pdqxidfwxulqj vhfwru1 Wklv lv vr hyhq wkrxjk zh devwudfw
iurp mre vhdufk dqg pdwfklqj iulfwlrqv/ lqfrpsohwh frqwudfwv/ dqg djjuhjdwh frqjhvwlrq
hhfwv/ doo ri zklfk kdyh ehhq sxw iruzdug dv lpsruwdqw iru xqghuvwdqglqj wkh mre fuhdwlrq
dqg ghvwuxfwlrq hylghqfh1
￿ Xqlyhuvlw| ri Urfkhvwhu dqg QEHU
| Ihghudo Uhvhuyh Edqn ri Fklfdjr
} Zh wkdqn Kdo Froh/ Wrp Frroh|/ Mhuhp| Juhhqzrrg/ Kxjr Krshqkd|q dqg Ylqfhq}r Txdgulql iru khosixo
frqyhuvdwlrqv/ dqg zh duh judwhixo wr Ulfdugr Fdedoohur iru klv ydoxdeoh glvfxvvlrq ri dq hduolhu yhuvlrq ri wklv
sdshu1 Zh dovr wkdqn d fr0hglwru dqg wzr dqrq|prxv uhihuhhv iru wkhlu yhu| khosixo frpphqwv1 Wkh ylhzv
h{suhvvhg khuhlq duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh V|vwhp ru wkh Ihghudo
Uhvhuyh Edqn ri Fklfdjr141 Lqwurgxfwlrq
Frqvlghu wkh sureohp ri fkrrvlqj hpsor|phqw dw d sodqw idflqj mre fuhdwlrq dqg ghvwuxfwlrq
frvwv zklfk duh sursruwlrqdo wr wkh qxpehu ri mrev fuhdwhg ru ghvwur|hg/ dv lq Ehqwrolod dqg
Ehuwrod +4<<5,/ Ehuwrod dqg Urjhuvrq +4<<9, dqg Krshqkd|q dqg Urjhuvrq +4<<6,1 Zkhq
wkhuh lv d whpsrudu| fkdqjh lq wkh uhdo frvw ri d mre/ zklfk lqfoxghv uhdo zdjhv dqg wkh frvw
ri frpsohphqwdu| pdwhuldo lqsxwv/ wkh sodqw*v uhvsrqvh ghshqgv rq zkhwkhu lw lv fuhdwlqj ru
ghvwur|lqj mrev1 Iru dq h{sdqglqj sodqw/ wkh wrwdo frvw ri wkh odvw mre fuhdwhg lv juhdwhu wkdq wkh
uhohydqw idfwru sd|phqwv ehfdxvh ri wkh h{shfwhg dgmxvwphqw frvwv lqfxuuhg1 Wkhvh dgglwlrqdo
frvwv/ zklfk lqfoxgh wkh mre fuhdwlrq frvw dqg wkh h{shfwhg frvw ri ghvwur|lqj wkdw mre lq wkh
ixwxuh/ orzhu wkh hodvwlflw| ri wkh wrwdo frvw ri mre fuhdwlrq zlwk uhvshfw wr uhdo idfwru sulfhv
ehorz xqlw|1 Iru d vkulqnlqj sodqw/ wkh wrwdo frvw ri wkh odvw mre uhwdlqhg lv ohvv wkdq wkh uhohydqw
idfwru sd|phqwv ehfdxvh e| uhwdlqlqj wkh mre wkh sodqw dyrlgv wkh frvw ri mre ghvwuxfwlrq dqg wkh
h{shfwhg frvw ri uhfuhdwlqj wkdw vdph mre lq wkh ixwxuh1 Wkh vxewudfwlrq ri dyrlghg dgmxvwphqw
frvwv lqfuhdvhv wkh hodvwlflw| ri wkh wrwdo frvw ri mre uhwhqwlrq zlwk uhvshfw wr uhdo idfwru sulfhv
deryh xqlw|1 Vlqfh h{sdqglqj dqg frqwudfwlqj sodqwv rshudwh rq wkh pdujlqv zklfk htxdwh wkh
frvwv dqg ehqhwv ri dgglqj dqg uhwdlqlqj d mre/ uhvshfwlyho|/ wkh dv|pphwulf uhvsrqvhv ri wkh
wrwdo frvwv ri mre fuhdwlrq dqg uhwhqwlrq wr idfwru sulfh fkdqjhv fdq lqgxfh frqwudfwlqj sodqwv wr
uhvsrqg e| pruh wkdq h{sdqglqj sodqwv wr  xfwxdwlrqv lq wkh uhdo frvw ri d mre14
Zh dsso| wklv lqvljkw wr vwxg| wkh ehkdylru ri djjuhjdwh mre fuhdwlrq dqg ghvwuxfwlrq udwhv/
vxfk dv wkrvh phdvxuhg e| Gdylv/ Kdowlzdqjhu/ dqg Vfkxk +4<<9,1 Wkhlu revhuydwlrq wkdw mre
ghvwuxfwlrq lv pruh yrodwloh wkdq mre fuhdwlrq lq wkh XV pdqxidfwxulqj vhfwru kdv fkdoohqjhg
exvlqhvv f|foh wkhru|/ ehfdxvh vwdqgdug prghov edvhg rq wkh rqh0vhfwru vwrfkdvwlf jurzwk prgho
suhglfw htxdoo| yrodwloh mre fuhdwlrq dqg ghvwuxfwlrq1 Wr vkrz krz wkh dgglwlrq ri dgmxvwphqw
frvwv wr vxfk d prgho fdq uhfrqfloh exvlqhvv f|foh wkhru| zlwk wkh hylghqfh/ zh frqvwuxfw d vlpsoh
prgho hfrqrp| zlwk d {hg srsxodwlrq ri sodqwv zklfk idfh sursruwlrqdo frvwv ri mre fuhdwlrq dqg
ghvwuxfwlrq1 Wkh sodqwv surgxfh d krprjhqhrxv jrrg vrog lq d frpshwlwlyh jrrgv pdunhw dqg
sxufkdvh lqsxwv lq frpshwlwlyh idfwru pdunhwv1 Hpsor|phqw ydulhv dw sodqwv gxh wr lglrv|qfudwlf
whfkqrorj| vkrfnv dqg djjuhjdwh vkrfnv zklfk glvwxue wkh sulfh ri wkh jrrg ru wkh frvw ri idfwru
4Wkh qrqglhuhqwldelolw| ri wkh dgmxvwphqw frvwv dw wkh srlqw ri }hur fkdqjh lpsolhg e| sursruwlrqdo dgmxvw0
phqw frvwv lv fuxfldo wr wklv uhvxow1 Zlwk vwulfwo| frqyh{ dqg hyhu|zkhuh glhuhqwldeoh dgmxvwphqw frvwv wkh mre
fuhdwlrq dqg uhwhqwlrq pdujlqv duh lghqwlfdo dqg vr pxvw ehkdyh lghqwlfdoo| lq uhvsrqvh djjuhjdwh vkrfnv1
4lqsxwv zklfk duh frpsohphqwdu| zlwk oderu/ vxfk dv rlo1 Dv ghvfulehg deryh/ wkh dgmxvwphqw
frvwv lqgxfh hpsor|phqw ghflvlrqv dw jurzlqj sodqwv wr uhvsrqg e| ohvv wr djjuhjdwh vkrfnv
wkdq dw vkulqnlqj sodqwv1 Krzhyhu/ dv Fdedoohur +4<<5, kdv pdgh fohdu/ gudzlqj frqfoxvlrqv
derxw djjuhjdwh yduldeohv iurp lqglylgxdo ghflvlrqv lv iudxjkw zlwk dpeljxlw|1 Wr dgguhvv wklv/
zh vlpxodwh djjuhjdwh gdwd iurp rxu prgho dqg frpsduh lw wr hpslulfdo hylghqfh rq jurvv
mre  rzv1 Zh vkrz krz wkh plfurhfrqrplf dv|pphwulhv fdq eh suhvhuyhg lq wkh djjuhjdwh
vr wkdw wkh prgho uhsurgxfhv dv|pphwulhv lq jurvv mre  rzv ri wkh nlqg revhuyhg lq wkh XV
pdqxidfwxulqj vhfwru1
Wkh mre fuhdwlrq dqg ghvwuxfwlrq frvwv zklfk duh fhqwudo wr rxu dqdo|vlv duh hdvlo| prwlydwhg
zlwkrxw dsshdolqj wr frqwudfwlqj ru vhdufk iulfwlrqv1 Lq rxu prgho/ wkh sodqw sd|v qr dgmxvwphqw
frvwv li wkh lghqwlwlhv ri lwv hpsor|hhv fkdqjh exw wkh qxpehu ri hpsor|hhv uhpdlqv frqvwdqw1
Wkhuhiruh/ wkh dgmxvwphqw frvwv zh vwxg| duh qhw dgmxvwphqw frvwv/ dv ghqhg e| Kdphuphvk
dqg Sidqq +4<<9,1 Iroorzlqj wkhlu lqwhusuhwdwlrq/ zh ylhz wkhvh frvwv dv dulvlqj iurp wkh orvw
rxwsxw lqfxuuhg zkhq uhrujdql}lqj d sodqw*v surgxfwlrq surfhvv wr rshudwh dw d odujhu ru vpdoohu
vfdoh15 Dv zh vkrz ehorz/ wkh rswlpdo hpsor|phqw srolf| ri d sodqw idflqj sursruwlrqdo qhw
dgmxvwphqw frvwv lqyroyhv iuhtxhqwo| ohdylqj hpsor|phqw xqfkdqjhg ehwzhhq shulrgv1 Khqfh/
rxu dgmxvwphqw frvw vshflfdwlrq lv frqvlvwhqw zlwk Kdphuphvk*v +4<;<, revhuydwlrq wkdw pdq0
xidfwxulqj sodqwv dgmxvw wkhlu hpsor|phqw rqo| lqiuhtxhqwo|1 Ixuwkhupruh/ xvlqj Gxwfk gdwd/
Kdphuphvk/ Kdvvlqn/ dqg ydq Rxuv +4<<7, irxqg wkdw pdq| upv nhsw wkh wrwdo qxpehu ri mrev
frqvwdqw ryhu d wzr |hdu shulrg exw qr up nhsw wkh lghqwlw| ri lwv hpsor|hhv frqvwdqw1 Ilupv
zklfk glg qrw fkdqjh wkhlu hpsor|phqw uhsodfhg derxw I ri wkhlu zrun irufh ryhu wkhvh wzr
|hduv16 Wkhvh revhuydwlrqv vxjjhvw wkh suhvhqfh ri qhw dgmxvwphqw frvwv zklfk gr qrw ghshqg
rq fkdqjlqj zrunhuv* lghqwlwlhv1 Ilqdoo|/ Od}hdu +4<<8, uhsruwv wkdw Kxpdq uhvrxufh pdqdjhuv
wklqn lq whupv ri vorwv ru mrev/ dqg wklqn ri wkhvh vorwv ru mrev dv ehlqj ixqgdphqwdo wr wkh
5Kdphuphvk dqg Sidqq +4<<9,/ s1 4599/ vwdwh Iru zrunhuv +wuhdwhg qrz dv dq lqsxw wkdw lv krprjhqhrxv
rqfh lw kdv ehhq wudlqhg dqg zkrvh krxuv duh {hg, wkh qhw frvwv duh wkrvh ri fkdqjlqj wkh qxpehuv ri hpsor|hhv
lq wkh up1 Wkhvh frvwv lqfoxgh glvuxswlrqv wr surgxfwlrq rffxulqj zkhq fkdqjlqj hpsor|phqw fdxvhv zrunhuv*
dvvljqphqwv wr eh uhduudqjhg +lpsolflwo| dvvxplqj qr fkdqjh lq wkh fdslwdo vwrfn, dqg doo rwkhu frvwv wkdw duh
qrw uhodwhg wr wkh lghqwlw| ri wkh zrunhuv exw lqvwhdg ghshqg vroho| rq fkdqjlqj wkh qxpehu ri hpsor|hhv 111
Krshqkd|q dqg Urjhuvrq +4<<6, dqg Ehuwrod dqg Urjhuvrq +4<<9, dgrsw d vshflfdwlrq iru mre ghvwuxfwlrq frvwv
wkdw lv vlplodu wr rxuv/ exw wkh| lqwhusuhw wkhp dv frvwv ri ulqj zrunhuv1 Wklv lqwhusuhwdwlrq lv fruuhfw rqo| li
wkh wxuqryhu ri zrunhuv dw d sodqw iroorzv d odvw lq uvw rxw srolf|/ vr wkdw mre ghvwuxfwlrq lv lghqwlfdo wr zrunhu
vhsdudwlrqv1
6Vhh wkh vhfrqg urz ri Wdeoh 6 lq Kdphuphvk/ Kdvvlqn/ dqg ydq Rxuv +4<<7,1
5rujdql}dwlrq ri wkh up +s1 ::,1 Wklv surylghv ixuwkhu/ dowkrxjk lqgluhfw/ hylghqfh wkdw wkh
frvwv ri fuhdwlqj dqg ghvwur|lqj mrev duh vljqlfdqw1
Wkh rswlpdo hpsor|phqw srolf| zh vwxg| fdq eh uhsuhvhqwhg dv d ixqfwlrq ri wkh jds ehwzhhq
d sodqw*v dfwxdo hpsor|phqw dqg wkh ohyho lw zrxog fkrrvh lq wkh devhqfh ri dgmxvwphqw frvwv1
Khqfh rxu prgho lv forvho| uhodwhg wr vwdqgdug E7cr prghov ri hpsor|phqw g|qdplfv1 Dv lq
wkhvh prghov hpsor|phqw lv rqo| fkdqjhg li wkh hpsor|phqw jds h{fhhgv d ghvwuxfwlrq wkuhvkrog
ru idoov ehorz d fuhdwlrq wkuhvkrog1 Lq wkhvh fdvhv hpsor|phqw lv dgmxvwhg vr wkdw wkh hpsor|phqw
jds htxdov dq dvvrfldwhg uhwxuq srlqw/ zklfk lq rxu prgho htxdov wkh wkuhvkrog ohyho furvvhg1 Iru
wkh uhdvrqv ghvfulehg deryh/ djjuhjdwh vkrfnv lqgxfh dv|pphwulf yduldwlrq lq wkh mre fuhdwlrq
dqg ghvwuxfwlrq wkuhvkrogv1 Wkh idfw wkdw wkh dgmxvwphqw wkuhvkrogv ydu| dv|pphwulfdoo| zlwk
djjuhjdwh vkrfnv h{sodlqv zk| rxu uhvxowv glhu iurp vwdqgdug E7cr prghov1 Lq wkhvh prghov wkh
dgmxvwphqw wkuhvkrogv dqg uhwxuq srlqwv duh qrw glvwxuehg e| djjuhjdwh vkrfnv/ dqg fuhdwlrq dqg
ghvwuxfwlrq whqg wr eh htxdoo| yduldeoh/ xqohvv djjuhjdwh vkrfnv duh dv|pphwulfdoo| glvwulexwhg/
dv lq Fdedoohur +4<<5,/ ru wkhuh lv d wuhqg lq wkh hpsor|phqw jds/ dv lq Irrwh +4<<:,17
Irrwh*v +4<<:, vwxg| ri hpsor|phqw wuhqgv lv prwlydwhg e| klv qglqj/ edvhg rq xqhp0
sor|phqw lqvxudqfh gdwd iurp Plfkljdq/ wkdw mre fuhdwlrq lv dfwxdoo| pruh yrodwloh wkdq mre
ghvwuxfwlrq lq vhfwruv zklfk kdyh h{sdqghg ryhu wkh orqj uxq/ vxfk dv vhuylfhv dqg wudgh1 Lq
klv prgho wkhuh duh d {hg qxpehu ri hvwdeolvkphqwv/ vr d wuhqg lq lqgxvwu| hpsor|phqw lv
htxlydohqw wr d wuhqg lq dyhudjh hvwdeolvkphqw vl}h1 Iru uhdvrqv Irrwh glvfxvvhv lq ghwdlo/ d
srvlwlyh wuhqg lq dyhudjh hvwdeolvkphqw vl}h fdxvhv mre fuhdwlrq wr eh pruh yrodwloh wkdq mre
ghvwuxfwlrq lq klv prgho/ dv lw lv lq prvw qrqpdqxidfwxulqj lqgxvwulhv1 D qhjdwlyh wuhqg/ dv lq
wkh pdqxidfwxulqj vhfwru/ lpsolhv wkh rssrvlwh1 Wkhuhiruh/ klv prgho dsshduv wr h{sodlq pxfk
ri wkh ehkdylru ri jurvv mre  rzv dfurvv d zlgh ydulhw| ri vhfwruv1 Krzhyhu/ wklv h{sodqdwlrq lv
lqfrqvlvwhqw zlwk wkh revhuyhg lpsruwdqfh ri hqwu| lq prvw qrqpdqxidfwxulqj lqgxvwulhv1 Lq
wkh vhuylfh/ uhwdlo wudgh/ dqg zkrohvdoh wudgh vhfwruv ri wkh Plfkljdq hfrqrp|/ dyhudjh hvwdeolvk0
phqw vl}h kdugo| fkdqjhg gxulqj wkh vdpsoh shulrg ri Irrwh*v gdwd/ dowkrxjk hpsor|phqw lq doo
wkuhh vhfwruv juhz frqvlghudeo|18 Zlwkrxw d wuhqg lq dyhudjh hvwdeolvkphqw vl}h/ wkh exqfklqj
7Wkh fdvh ri v|pphwulfdoo| ydu|lqj wkuhvkrogv dqg uhwxuq srlqwv lv lqglvwlqjxlvkdeoh iurp wkh vwdqgdug fdvh
vlqfh lw lv htxlydohqw wr d frpprq djjuhjdwh vkrfn zklfk fkdqjhv wkh phdq ri wkh glvwulexwlrq ri sodqwv zlwk
uhvshfw wr wkh hpsor|phqw jds1
8Xvlqj wkh Frxqw| Exvlqhvv Sdwwhuqv gdwdedvh/ zh fdofxodwhg wkh dyhudjh jurzwk udwh iurp 4<:; wr 4<;;/
Irrwh*v vdpsoh shulrg/ ri dyhudjh hvwdeolvkphqw vl}h iru doo qrqidup exvlqhvv rqh gljlw lqgxvwulhv lq wkh Plfkljdq
hfrqrp|1 Dyhudjh hvwdeolvkphqw vl}h juhz 3=4;( s h u| h d ul qv h u y l f h v /z k l o hw k hq x p e h ur ih v w d e o l v k p h q w vj u h z
6ri sodqwv qhdu wkhlu hpsor|phqw wkuhvkrogv/ zklfk klv prgho qhhgv wr dffrxqw iru wkh gdwd/
frxog qrw kdyh rffxuuhg1 Zh ylhz rxu prgho zlwk d {hg qxpehu ri surgxfhuv dv dssursuldwh
iru wkh vwxg| ri jurvv mre  rzv lq wkh pdqxidfwxulqj vhfwru zkhuh hqwu| kdv sod|hg d uhodwlyho|
xqlpsruwdqw uroh/ exw lqdssursuldwh iru rwkhu vhfwruv zkhuh hqwu| kdv ehhq pruh lpsruwdqw19
Wkhvh frqvlghudwlrqv prwlydwh rxu irfxv rq wkh pdqxidfwxulqj vhfwru1
Wkh dqdo|vlv ri E7cr prghov frqvwlwxwhv rqh ri wzr eurdg vwudwhjlhv iru xqghuvwdqglqj wkh
fuhdwlrq dqg ghvwuxfwlrq hylghqfh zklfk kdyh ehhq iroorzhg lq wkh olwhudwxuh1 Wkh rwkhu hpskd0
vl}hv wkh fuhdwlrq dqg ghvwuxfwlrq ri surgxfwlyh hvwdeolvkphqwv gxh wr whfkqrorjlfdo fkdqjh dqg
ydulrxv iulfwlrqv zklfk klqghu wklv surfhvv/ vxfk dv vhdufk dqg pdwfklqj/ frqjhvwlrq hhfwv lq
sodqw fuhdwlrq/ dqg lqfrpsohwh frqwudfwv1 Surplqhqw h{dpsohv ri uhvhdufk dorqj wkhvh olqhv duh
Pruwhqvhq dqg Slvvdulghv +4<<7, dqg Fdedoohur dqg Kdpprxu +4<<7/ 4<<9,1 Rxu dqdo|vlv glhuv
iurp wkhvh sdshuv dorqj wzr nh| glphqvlrqv1 Iluvw/ wkh qdwxuh ri surgxfwlrq dw wkh sodqw ohyho
lv glhuhqw1 Lq wkh sdshuv mxvw flwhg surgxfwlrq rffxuv dw sodqwv ri frqvwdqw vl}h zklfk frpelqh
oderu dqg fdslwdo lq {hg sursruwlrqv1 Ryhu wlph sodqwv duh fuhdwhg dqg ghvwur|hg ehfdxvh qhz
sodqwv whqg wr eh pruh surgxfwlyh wkdq roghu sodqwv dqg ehfdxvh djjuhjdwh vkrfnv dhfw wkh
surwdelolw| ri sodqwv1 Vlqfh hpsor|phqw fdqqrw eh ydulhg dw lqglylgxdo sodqwv/ doo yduldwlrq lq
mre fuhdwlrq dqg ghvwuxfwlrq dulvhv iurp wkh fuhdwlrq dqg ghvwuxfwlrq ri sodqwv1 Xqghu wklv ylhz
f|folfdo yduldwlrq lq mre fuhdwlrq dqg ghvwuxfwlrq lv wljkwo| olqnhg wr whfkqrorjlfdo dgydqfh dqg
revrohvfhqfh dqg glvfrqqhfwhg iurp lqfhqwlyhv wr ydu| wkh xwlol}dwlrq ri h{lvwlqj fdsdflw|1 Lq
frqwudvw/ rxu prgho frqvlvwv ri d {hg qxpehu ri sodqwv/ dqg yduldwlrq lq jurvv mre  rzv dulvhv
iurp yduldwlrq lq hpsor|phqw dw lqglylgxdo sodqwv rqo|1 Wklv vhhpv wr eh d vhqvleoh vwduwlqj
srlqw iru wdnlqj lqwr dffrxqw wkh idfw grfxphqwhg e| Gdylv/ Kdowlzdqjhu/ dqg Vfkxk +4<<9, wkdw
e| idu prvw ri wkh mre fuhdwlrq dqg ghvwuxfwlrq lq wkh pdqxidfwxulqj vhfwru lv gxh wr hpsor|0
phqw yduldwlrq dw lqfxpehqw sodqwv udwkhu wkdq dw hqwhulqj dqg h{lwlqj sodqwv1: Devwudfwlqj
iurp sodqw hqwu| dqg h{lw dovr vlpsolhv rxu dqdo|vlv frqvlghudeo| dqg doorzv xv wr irfxv rq wkh
glvwlqfw dv|pphwulf sodqw0ohyho hpsor|phqw dgmxvwphqw zh ghvfuleh1
6=<7( shu |hdu1 Lq zkrohvdoh wudgh/ wkhvh qxpehuv duh 3=3;( dqg 4=;8(> dqg lq uhwdlo wudgh wkh| duh 3=85(
dqg 4=77(1
9Fdedoohur dqg Kdpprxu*v +4<<7, prgho/ zkhuh hqwu| dffrpprgdwhv doo ghpdqg  xfwxdwlrqv vr wkdw mre
fuhdwlrq lv pruh yrodwloh wkdq mre ghvwuxfwlrq/ vhhpv dssursuldwh iru vhfwruv zkhuh qhw hqwu| kdv ehhq lpsruwdqw1
:Iru h{dpsoh/ ryhu wkh shulrg 4<:5=LL04<;;=LY/ rqo| ;17( ri wrwdo mre fuhdwlrq lv dffrxqwhg iru e| vwduwxs
sodqwv/ zkloh mxvw 4419( ri wrwdo mre ghvwuxfwlrq1lv dffrxqwhg iru e| sodqw vkxwgrzqv1 Vhh Gdylv/ Kdowlzdqjhu
dqg Vfkxk +4<<9/ jxuh 516/ s1 5<,1
7Wkh vhfrqg nh| glhuhqfh lv wkdw wkhuh duh qr iulfwlrqv wr klqghu wkh surfhvv ri mre fuhdwlrq
dqg ghvwuxfwlrq lq rxu prgho1 Lq wkh Fdedoohur dqg Kdpprxu sdshuv d nh| uroh lv sod|hg e|
frqjhvwlrq lq wkh surfhvv ri vhwwlqj xs qhz sodqwv zklfk pdnhv wkh frvw ri sodqw fuhdwlrq dw d
srlqw lq wlph lqfuhdvlqj lq wkh qxpehu ri fxuuhqwo| hqwhulqj sodqwv1; Xqghu wkh uljkw frqglwlrqv/
wklv dvvxpswlrq fdq ohdg wr wkh gdpshqlqj ri sodqw dqg mre fuhdwlrq uhodwlyh wr sodqw dqg mre
ghvwuxfwlrq1 Iru h{dpsoh/ lq Fdedoohur dqg Kdpprxu +4<<9, wklv dvvxpswlrq pxvw eh frpelqhg
zlwk mre vshflf sk|vlfdo fdslwdo dqg lqfrpsohwh frqwudfwv ehwzhhq zrunhuv dqg sodqw rzqhuv1
Vlqfh wkh qxpehu ri sodqwv lv {hg lq rxu prgho/ wkhuh lv qr uroh iru wkhvh frqjhvwlrq hhfwv1 Lq
Pruwhqvhq dqg Slvvdulghv +4<<7, dqg Fdedoohur dqg Kdpprxu +4<<9,/ vhdufk dqg pdwfklqj duh
lpsruwdqw1 Lq rxu prgho/ sodqwv gr qrw kdyh wr srvw d ydfdqf| dqg zdlw iru d vxlwdeoh pdwfk
lq rughu wr vwduw surgxfwlrq/ dqg zrunhuv gr qrw qhhg wr zdlw lq dq xqhpsor|phqw srro xqwlo d
vxlwdeoh pdwfk duulyhv1 Wkhuhiruh/ wkhuh lv qr ihhgedfn iurp lqglylgxdo fuhdwlrq dqg ghvwuxfwlrq
ghflvlrqv wr wkh udwh dw zklfk mre ydfdqflhv duh oohg ru wr wkh zdjhv sdlg wr zrunhuv lq qhzo|
fuhdwhg pdwfkhv1 Wklv ihhgedfn lv fuxfldo wr wkh g|qdplfv ri mre fuhdwlrq dqg ghvwuxfwlrq lq
wkh vhdufk dqg pdwfklqj prghov1 Lqvwhdg/ lq rxu prgho sodqwv fdq kluh lqvwdqwdqhrxvo| dv pdq|
zrunhuv dv wkh| fkrrvh wr dw wkh suhydlolqj zdjh1
Wkh uhpdlqghu ri wkh sdshu surfhhgv dv iroorzv1 Wkh qh{w vhfwlrq frqwdlqv d vlpsoh h{dpsoh
zklfk looxvwudwhv krz rswlpdoo| fkrvhq mre fuhdwlrq dqg ghvwuxfwlrq fdq uhvsrqg dv|pphwulfdoo|
wr djjuhjdwh vkrfnv1 Vhfwlrq 6 suhvhqwv wkh prgho hfrqrp| dqg uhodwhv lw wr rwkhu prghov
zklfk kdyh ehhq xvhg wr vwxg| mre fuhdwlrq dqg ghvwuxfwlrq1 Lq Vhfwlrq 7 zh xvh d fdoleudwhg
yhuvlrq ri rxu prgho wr lqyhvwljdwh lwv lpsolfdwlrqv iru  xfwxdwlrqv lq djjuhjdwh mre fuhdwlrq dqg
ghvwuxfwlrq udwhv1 Lq Vhfwlrq 8 zh frqfoxgh e| glvfxvvlqj vrph lpsolfdwlrqv ri rxu qglqjv iru
wkh vwxg| ri exvlqhvv f|fohv dqg gluhfwlrqv iru ixwxuh uhvhdufk1
51 Dq Looxvwudwlyh H{dpsoh
Wr exlog lqwxlwlrq iru rxu qglqjv/ zh vwxg| d vlpsoh h{dpsoh dgdswhg iurp wkh vwhdg| vwdwh
prgho ri Ehuwrod dqg Urjhuvrq +4<<9,1 Lw frqvlvwv ri d shuihfwo| frpshwlwlyh lqgxvwu| srsxodwhg
e| d frqwlqxxp ri sodqwv zklfk h{shulhqfh lglrv|qfudwlf surgxfwlylw| vkrfnv dqg pxvw sd| mre
fuhdwlrq dqg ghvwuxfwlrq frvwv zkhqhyhu wkh| h{sdqg ru frqwudfw hpsor|phqw1 Zh ghprqvwudwh
;Wkhvh frqjhvwlrq hhfwv/ zkloh h{whuqdo wr d sodqw/ duh lqwhuqdol}hg e| d up rshudwlqj pdq| sodqwv1
8wkh lpsruwdqfh ri dv|pphwulhv lq sodqw0ohyho fuhdwlrq dqg ghvwuxfwlrq iru wkh uhvsrqvhv ri jurvv
mre  rzv e| vwxg|lqj wkh wudqvlwlrqdo g|qdplfv ehwzhhq vwhdg| vwdwhv lqgxfhg e| d shupdqhqw
uhdo idfwru sulfh lqfuhdvh1 Wkh dqdo|vlv lv htxlydohqw wr rqh lq zklfk d idfwru sulfh lv wkh qxphudluh
dqg wkh uhdo sulfh ri wkh lqgxvwu|*v rxwsxw ghfolqhv shupdqhqwo|1 Gxh wr wkh dgmxvwphqw frvwv/
wkh rswlpdo hpsor|phqw srolflhv ri mre fuhdwlqj dqg ghvwur|lqj sodqwv dorqj wkh wudqvlwlrq sdwk
duh dv|pphwulf1 Wklv plfurhfrqrplf dv|pphwu| fdxvhv wkh lqgxvwu| wr dgmxvw hpsor|phqw
sulpdulo| wkurxjk mre ghvwuxfwlrq1
5141 Vwhdg| Vwdwh
Frqvlghu d uhsuhvhqwdwlyh sodqw wkdw surgxfhv d krprjhqhrxv jrrg iru vdoh lq d frpshwlwlyh
jrrgv pdunhw dqg sxufkdvhv lqsxwv lq frpshwlwlyh idfwru pdunhwv1 Wkh sodqw xvhv wzr yduldeoh
idfwruv ri surgxfwlrq/ oderu/ zklfk frphv lq {hg vkliw ohqjwkv/ dqg pdwhuldov1 Wkhvh lqsxwv pxvw
eh frpelqhg lq {hg sursruwlrqv1 Pdwhuldov duh lqfoxghg lq wkh prgho wr kljkoljkw wkh idfw wkdw
fkdqjhv lq wkh frvw ri d mre fdq uh hfw fkdqjhv lq wkh sulfhv ri lqsxwv zklfk frpsohphqw oderu
dv zhoo dv fkdqjhv lq wkh gluhfw sulfh ri oderu1 Zh uhihu wr dq hpsor|hh soxv khu dffrpsdq|lqj
xqlw ri pdwhuldov dv d mre1 Wkh shushulrg frvw ri d mre/ phdvxuhg lq xqlwv ri wkh frqvwdqw
rxwsxw sulfh/ lv ghqrwhg e| ` Dowkrxjk ` uh hfwv erwk oderu dqg pdwhuldov frvwv/ zh uhihu wr
lw vlpso| dv wkh zdjh1 Zh lqlwldoo| dvvxph wkdw ` lv frqvwdqw1
Ohw ?| ghqrwh wkh sodqw*v hpsor|phqw dw wlph | dqg ohw 5| ghqrwh wkh sodqw*v lglrv|qfudwlf
surgxfwlylw| ohyho1 Wkh odwwhu iroorzv d Pdunry fkdlq ryhu wkh wzr vwdwhv 5} :5 K : fc wkh cjrrg*
dqg cedg* vwdwhv/ uhvshfwlyho|1 Wkh suredelolw| ri 5| fkdqjlqj vwdwhv lv frqvwdqw dqg htxdov R1
Rxwsxw lv jlyhq e| 5|?k
| / zkhuh k 5 Efc1 Wkh vwulfw frqfdylw| ri wkh surgxfwlrq ixqfwlrq
uh hfwv wkh suhvhqfh ri d {hg idfwru dw wkh sodqw ru d olplw wr d pdqdjhu*v vsdq ri frqwuro/ dv
lq Oxfdv +4<:;,1 Zkhq wkh sodqw fkdqjhv wkh vfdoh ri lwv hpsor|phqw/ lw lqfxuv dq dgmxvwphqw
frvw1 Li lw h{sdqgv hpsor|phqw/ lw pxvw sd| wkh mre fuhdwlrq frvw S iru hyhu| mre dgghg1 Li
lw frqwudfwv hpsor|phqw/ lw pxvw sd| wkh mre ghvwuxfwlrq frvw _ iru hyhu| mre orvw1< Ilqdoo|/
wkh sodqw*v pdqdjhu lv ulvn qhxwudo/ glvfrxqwv ixwxuh surwv zlwk wkh frqvwdqw glvfrxqw idfwru
f 	q	/ dqg pd{lpl}hv wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri surwv1
<Wr dyrlg wkh srvvlelolw| wkdw d sodqw pdqdjhu zrxog fkrrvh wr krdug hlwkhu pdwhuldov ru oderu lq h{fhvv ri
wkh rwkhu/ zh dvvxph wkdw wkh mre fuhdwlrq dqg ghvwuxfwlrq frvwv duh lqfxuuhg zkhqhyhu wkh plqlpxp ri oderu
ru pdwhuldov fkdqjhv1 Wklv lv frqvlvwhqw zlwk rxu lqwhusuhwdwlrq ri wkhvh frvwv dv uh hfwlqj wkh uhrujdql}dwlrq ri
ds o d q ww rd f f r p p r g d w hdo d u j h ur uv p d o o h us u r g x f w l r qv f d o h 1
9Zlwk wkhvh dvvxpswlrqv/ lw lv vwudljkwiruzdug wr vkrz wkdw wkhuh h{lvwv dq hujrglf vhw iru
wkh sodqw*v hpsor|phqw zklfk kdv h{dfwo| wzr srlqwv1 Wr gr vr/ vxssrvh wkdw ?| ' ?} zkhqhyhu
5| ' 5} dqg ?| ' ?K zkhqhyhu 5| ' 5K1 Wkhq wkh h{shfwhg suhvhqw ydoxh ri wkh pdujlqdo surgxfw
ri hpsor|phqw plqxv wkh zdjh iroorzv d wzr vwdwh Pdunry fkdlq/ wdnlqj rq wkh ydoxhv } dqg
K lq wkh jrrg dqg edg surgxfwlylw| vwdwhv/ uhvshfwlyho|1 Lw iroorzv wkdw } dqg K pxvw vdwlvi|
} ' k5}?
k3￿
}  ` n q EE  R} n RK +514,
K ' k5K?
k3￿
K  ` n q EE  RK n R} +515,
Li ?} :? K/ vr wkdw ryhu wlph wkh sodqw erwk fuhdwhv dqg ghvwur|v mrev/ d qhfhvvdu| frqglwlrq iru
wkh rswlpdolw| ri wklv hpsor|phqw srolf| lv wkdw } ' S dqg K ' _1 Wkdw lv/ wkh pdujlqdo qhw
uhyhqxh ri fuhdwlqj ru ghvwur|lqj d mre pxvw htxdo wkh dvvrfldwhg pdujlqdo frvw1 Vxevwlwxwlqj
wkhvh frqglwlrqv lqwr +514, dqg +515, |lhogv
k5}?
k3￿
} ' ` nE  q E  RS n qR_ +516,
k5K?
k3￿
K ' `  E  q E  R_  qRS +517,
Wkhvh frqglwlrqv kdyh d vlpsoh lqwhusuhwdwlrq1 Iluvw frqvlghu +516,1 Vxssrvh wkh sodqw*v
surgxfwlylw| vzlwfkhv iurp edg wr jrrg/ dqg wkh sodqw frqvlghuv lqfuhdvlqj hpsor|phqw wr ?1
Wkh fxuuhqw qhw pdujlqdo ehqhw iurp wklv ghflvlrq lv k5}?k3￿` S/ wkh pdujlqdo surgxfw ri
wkh odvw mre fuhdwhg ohvv wkh zdjh dqg fuhdwlrq frvwv ri wklv odvw mre1 Wkh ghflvlrq wr fuhdwh mrev
lq wkh fxuuhqw shulrg dovr lpsdfwv ixwxuh surwv ehfdxvh ri wkh dgmxvwphqw frvwv1 Li surgxfwlylw|
lv jrrg lq wkh qh{w shulrg/ wkh sodqw vdyhv rq wkh frvwv ri fuhdwlqj wkh odvw mre dgghg lq wkh
fxuuhqw shulrg1 Wkh glvfrxqwhg h{shfwhg ydoxh ri wklv vdylqj lv q E  RS1 Li surgxfwlylw| lv
edg lq wkh qh{w shulrg/ wkh ghflvlrq wr dgg wkh odvw mre lq wkh fxuuhqw shulrg lqyroyhv kljkhu
mre ghvwuxfwlrq wkdq rwkhuzlvh1 Wkh glvfrxqwhg h{shfwhg ydoxh ri wklv frvw lv qR_1 Htxdwlrq
+516, lpsolhv wkdw ?} lv wkh ohyho ri hpsor|phqw zklfk h{dfwo| htxdwhv wkh ehqhwv dqg frvwv ri
dgglqj dq dgglwlrqdo mre zkhq surgxfwlylw| lv jrrg1 Vlploduo|/ +517, lpsolhv wkdw ?K lv wkh ohyho
ri hpsor|phqw zklfk h{dfwo| htxdwhv wkh ehqhwv dqg frvwv ri uhwdlqlqj dq dgglwlrqdo mre zkhq
surgxfwlylw| lv edg1
Htxdwlrqv +516, dqg +517, fdq eh vroyhg hdvlo| iru ?} dqg ?K/ dqg lw fdq eh yhulhg wkdw
:erwk ?} dqg ?K duh ghfuhdvlqj lq `1 Zh surfhhg xqghu wkh dvvxpswlrq wkdw ?} dqg ?K duh zhoo
ghqhg dqg wkdw ?} lv vwulfwo| juhdwhu wkdq ?K1 Wkh sodqw ghvwur|v mrev zkhqhyhu surgxfwlylw|
fkdqjhv iurp 5} wr 5K1 Lw fuhdwhv mrev zkhq wkh rssrvlwh fkdqjh rffxuv/ dqg lw qhlwkhu fuhdwhv
qru ghvwur|v mrev li lwv surgxfwlylw| vwd|v wkh vdph1 Lq d vwhdg| vwdwh/ kdoi ri wkh sodqwv zloo eh
lq wkh jrrg vwdwh dqg wkh rwkhu kdoi zloo eh lq wkh edg vwdwh1 Hyhu| shulrg/ R sodqwv qg wkdw
wkhlu surgxfwlylw| kdv fkdqjhg1 Wkh devroxwh ydoxh ri mre jurzwk dw vxfk d sodqw lv *?E?}*?K1
Wkhuhiruh/ wkh vwhdg| vwdwh djjuhjdwh udwhv ri mre fuhdwlrq dqg ghvwuxfwlrq/ 7￿ dqg .C￿/
uhvshfwlyho|/ erwk htxdo ER*2*?E?}*?K143
5151 Wudqvlwlrqdo G|qdplfv
Wr vhh krz dgmxvwphqw frvwv lpsdfw wkh yrodwlolw| ri jurvv mre  rzv/ zh frqvlghu wkh lqgxvwu|*v
wudqvlwlrq iurp dq lqlwldo vwhdg| vwdwh wr d qhz vwhdg| vwdwh zlwk d voljkwo| kljkhu zdjh1 Vxssrvh
wkdw wkh uhdo zdjh/ zklfk uh hfwv wkh frvwv ri erwk oderu dqg pdwhuldov gxh wr rxu dvvxpswlrq
ri {hg sursruwlrqv/ lqfuhdvhv xqh{shfwhgo| dqg shupdqhqwo| iurp ` wr ` ￿1 Ehfdxvh lw lv d
uhdo sulfh/ wklv fkdqjh lq ` fdq uh hfw erwk ghpdqg dqg vxsso| vkrfnv1 D ghpdqg vkrfn zklfk
ghfuhdvhv wkh qrplqdo sulfh ri wkh rxwsxw jrrg zloo udlvh ` li wkh qrplqdo sulfhv ri oderu dqg
rwkhu idfwruv duh {hg e| orqjwhup frqwudfwv ru slqqhg grzq e| wkhlu ydoxhv lq rwkhu vhfwruv1
D vxsso| vkrfn zklfk udlvhv wkh sulfh ri dq lqsxw zklfk lv frpsohphqwdu| wr oderu/ vxfk dv
hqhuj|/ zloo dovr udlvh `1
Wr vlpsoli| wkh fdofxodwlrq ri d sodqw*v rswlpdo uhvsrqvh wr wklv djjuhjdwh vkrfn/ zh dvvxph
wkdw lw pxvw sd| d vpdoo {hg frvw zkhqhyhu lw fkdqjhv lwv hpsor|phqw1 Wklv frvw lv vpdoo hqrxjk
wr hqvxuh wkdw wkh hpsor|phqw srolf| jlyhq e| ?} dqg ?K lv vwloo rswlpdo lq wkh vwhdg| vwdwh dqg
lw lv odujh hqrxjk vr wkdw qr sodqw zlvkhv wr fkdqjh lwv hpsor|phqw diwhu wkh zdjh fkdqjh xqohvv
lwv surgxfwlylw| kdv dovr fkdqjhg vlqfh wkhq144 Jlyhq wklv dx{loldu| dvvxpswlrq/ wkh rswlpdo
43Khuh/ wr vlpsoli| wkh h{dpsoh/ zh dssur{lpdwh wkh mre fuhdwlrq dqg ghvwuxfwlrq udwhv dv ghqhg e| Gdylv
dqg Kdowlzdqjhu +4<<3, zlwk wkh furvv vhfwlrqdo dyhudjhv ri oq+qw@qw￿4,  L +qw Aq w￿4, dqg oq+qw@qw￿4, 
L +qw ?q w￿4,/ uhvshfwlyho|/ zkhuh L +, lv dq lqglfdwru ixqfwlrq zklfk htxdov rqh li lwv dujxphqw lv wuxh dqg htxdov
}hur rwkhuzlvh1
44Wr eh suhflvh/ wkh {hg frvw/ iA3/ pxvw vdwlvi| wkh iroorzlqj frqglwlrqv= +l, yl  i  h yl/z k h u hh yl lv wkh
ydoxh ri ghod|lqj e| rqh shulrg wkh fkdqjh lq hpsor|phqw glfwdwhg e| wkh i @3srolf| diwhu wkh surgxfwlylw|
vwdwh kdv mxvw vzlwfkhg wr l/ l @ j>e> +ll, y3
l i  h y3
l/ zkhuh c3* ghqrwhv wkh ydoxh ixqfwlrq dvvrfldwhg zlwk Z3 dqg
h y3
l lv ghqhg dqdorjrxvo| wr h yl>l@ j>e> +lll, e y3
l  y3
l  i> zkhuh e y3
l ghqrwhv wkh ydoxh ri ghod|lqj e| rqh shulrg
wkh vzlwfk wr q3
l iurp ql diwhu wkh zdjh fkdqjh/ l @ j>e>+ l y ,y3
l  i  y3
l> zkhuh y3
l ghqrwhv wkh ydoxh ri ghod|lqj
e| rqh shulrg wkh vzlwfk iurp qm wr q3
l diwhu wkh zdjh fkdqjh dqg diwhu wkh surgxfwlylw| vwdwh kdv mxvw vzlwfkhg
iurp m wr l/ m 9@ l dqg l>m @ j>e1 Iru wkh qxphulfdo h{dpsoh zklfk zh vwxg| ehorz wr surgxfh Iljxuh 4/ wkh vhw
;hpsor|phqw srolf| iroorzlqj wkh zdjh fkdqjh lv dv iroorzv1 Ohw ?￿
} dqg ?￿
K eh vroxwlrqv wr +516,
dqg +517, zkhq ` ￿ uhsodfhv `1 Hpsor|phqw lv ohiw dw lwv ohyho ehiruh wkh zdjh fkdqjh xqwlo
wkh sodqw h{shulhqfhv d surgxfwlylw| fkdqjh1 Wkhuhdiwhu/ ?| ' ?￿
K zkhqhyhu 5| ' 5K dqg ?| ' ?￿
}
zkhqhyhu 5| ' 5}1
Ehfdxvh ?} dqg ?K duh ghfuhdvlqj lq `/ zh nqrz wkdw ?￿
} 	? } dqg ?￿
K 	? K1 Wr ghwhuplqh
zklfk uhvsrqgv e| pruh/ zh frpsxwh wkh hodvwlflwlhv ri ?K dqg ?} zlwk uhvshfw wr ` xvlqj +516,
dqg +517,=
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 +519,
Fohduo|/ Y *??K*Y *?` lv juhdwhu lq devroxwh ydoxh wkdq Y *??}*Y *?`/ vr wkh srolflhv ri vkulqnlqj
sodqwv uhvsrqg pruh wkdq wkh srolflhv ri jurzlqj sodqwv wr wkh lqfuhdvh lq uhdo idfwru sulfhv1
Wkh dv|pphwulf uhvsrqvhv ri ?} dqg ?K wr wkh zdjh fkdqjh fdxvh djjuhjdwh mre fuhdwlrq dqg
ghvwuxfwlrq wr uhvsrqg dv|pphwulfdoo|1 Lq wkh shulrg ri wkh zdjh fkdqjh/ R*2 sodqwv fkdqjh
hpsor|phqw iurp ?K wr ?￿
} dqg R*2 sodqwv fkdqjh hpsor|phqw iurp ?} wr ?￿
K1 Khqfh/ wkh mre
fuhdwlrq dqg ghvwuxfwlrq udwhv lq wkh shulrg ri wkh zdjh fkdqjh duh






















Wkhvh h{suhvvlrqv lqglfdwh wkdw mre fuhdwlrq idoov dqg mre ghvwuxfwlrq ulvhv uhodwlyh wr wkhlu suhyl0
rxv vwhdg| vwdwh ydoxhv1 Ehfdxvh Y *??K*Y *?` lv juhdwhu lq devroxwh ydoxh wkdq Y *??}*Y *?`/
zh fdq frqfoxgh wkdw
ri i zklfk vdwlvhv doo ri wkhvh frqvwudlqwv lv qrqhpsw| dqg htxdov ^3=3446>3=378:`1
<m.Cf  .C
￿m : m7 f  7
￿m
Wkdw lv/ mre ghvwuxfwlrq ulvhv pruh wkdq mre fuhdwlrq idoov iroorzlqj wkh lqfuhdvh lq lqsxw sulfhv1
Lw lv lpsruwdqw wr qrwlfh wkdw wklv lpsolfdwlrq grhv qrw ghshqg rq wkh uhodwlyh pdjqlwxgh ri wkh
dgmxvwphqw frvwv1 Lq sduwlfxodu/ lw krogv li rqh ri wkh frvwv lv }hur zkloh wkh rwkhu lv vwulfwo|
srvlwlyh/ dqg lw krogv iru dq| vwulfwo| srvlwlyh sdlu ri ydoxhv iru wkh frvwv1
Wkh lqwxlwlrq iru wkh dv|pphwulf uhvsrqvhv exlogv rq wkh lqwxlwlrq xqghuo|lqj +516, dqg +517,1
Wkh fxuuhqw dqg ixwxuh dgmxvwphqw frvwv dvvrfldwhg zlwk fuhdwlqj d mre pxvw eh dgghg wr wkh
zdjh wr ghwhuplqh wkh pdujlqdo frvw ri mre fuhdwlrq/ dqg wklv fdxvhv wkh pdujlqdo frvw wr uhvsrqg
e| ohvv wr fkdqjhv lq wkh zdjh wkdq lw zrxog lq wkh devhqfh ri dgmxvwphqw frvwv1 Khqfh d vpdoohu
fkdqjh lq ?} lv uhtxluhg wr pdlqwdlq htxdolw| ri wkh pdujlqdo frvwv dqg ehqhwv ri mre fuhdwlrq/
frpsduhg wr wkh qr dgmxvwphqw frvw fdvh1 Lq frqwudvw/ wkh fxuuhqw dqg ixwxuh dgmxvwphqw frvwv
dvvrfldwhg zlwk ghvwur|lqj d mre pxvw eh vxewudfwhg iurp wkh zdjh wr ghwhuplqh wkh pdujlqdo
frvw ri mre uhwhqwlrq1 Wklv phdqv d odujhu fkdqjh lq ?K lv uhtxluhg wr pdlqwdlq mre ghvwuxfwlrq
h!flhqf| frpsduhg wr wkh qr dgmxvwphqw frvw fdvh1 Vlqfh ?} dqg ?K uhvsrqg e| wkh vdph dprxqw
lq wkh qr dgmxvwphqw frvw fdvh/ lw iroorzv wkdw mre ghvwuxfwlrq pxvw uhvsrqg e| pruh wkdq mre
fuhdwlrq lq wkh suhvhqfh ri dgmxvwphqw frvwv1
Wkh dv|pphwu| lq wkh jurvv mre  rzv* uhvsrqvhv wr wkh zdjh fkdqjh shuvlvwv eh|rqg wkh gdwh
ri wkh zdjh fkdqjh1 Ohw | 'E  R
| ghqrwh wkh iudfwlrq ri sodqwv zklfk kdyh qrw h{shulhqfhg
d surgxfwlylw| fkdqjh vlqfh wkh zdjh vkrfn1 Wkh mre fuhdwlrq dqg ghvwuxfwlrq udwhv | shulrgv































Wkhuhiruh/ zh fdq frqfoxgh wkdw
m.C|  .C
￿m : m7 |  7
￿mc| : f
Djdlq/ wklv qglqj grhv qrw ghshqg rq wkh uhodwlyh pdjqlwxgh ri wkh dgmxvwphqw frvwv1
43Iljxuh 514= 7 |  7￿ dqg .C|  .C￿ rq wkh Wudqvlwlrq Ehwzhhq Vwhdg| Vwdwhv
Iljxuh 514 looxvwudwhv wkh g|qdplf qdwxuh ri wkh jurvv  rz dv|pphwu|1 Wklv Iljxuh glvsod|v
7|7￿ dqg .C|.C￿ dorqj wkh wudqvlwlrq sdwk iroorzlqj d I lqfuhdvh lq wkh zdjh
xqghu wkh dvvxpswlrq wkdw q ' fD3￿*e/ k '2 */ R ' *ec S ' _ ' *2c5 } 'i  T E f  dqg
5K ' i TEf1 Lq wkh shulrg ri wkh zdjh fkdqjh/ wkh mre fuhdwlrq udwh idoov e| f shufhqwdjh
srlqwv dqg wkh mre ghvwuxfwlrq udwh ulvhv e| fD shufhqwdjh srlqwv1 Wkhuhdiwhu/ mre fuhdwlrq ulvhv
dqg mre ghvwuxfwlrq ghvfhqgv wrzdugv wkhlu frpprq/ kljkhu ohyho lq wkh qhz vwhdg| vwdwh1
Wklv h{dpsoh ghprqvwudwhv wkdw wkh suhvhqfh ri sursruwlrqdo mre fuhdwlrq dqg ghvwuxfwlrq
frvwv fdq fdxvh wkh djjuhjdwh mre fuhdwlrq dqg ghvwuxfwlrq udwhv wr uhvsrqg dv|pphwulfdoo|
wr d shupdqhqw lqfuhdvh lq wkh frvw ri d mre1 Lw lv hdv| wr yhuli| wkdw wkh vdph dv|pphwulhv
dulvh zlwk d shupdqhqw zdjh ghfuhdvh1 Krzhyhu/ forvh lqvshfwlrq ri wkh h{dpsoh uhyhdov dq
lqwhuhvwlqj txdolfdwlrq wr wkh edvlf uhvxow= wkh pdjqlwxgh ri wkh dv|pphwu| lq wkh uhvsrqvhv
ri ?} dqg ?K ghfuhdvhv zlwk R/ vr wkdw wkh uhvsrqvhv ri mre fuhdwlqj dqg ghvwur|lqj sodqwv wr wkh
djjuhjdwh vkrfn ehfrph pruh vlplodu li wkh lglrv|qfudwlf vkrfnv duh pruh shuvlvwhqw1 Wkhuhiruh/
wkh uhvsrqvhv ri djjuhjdwh mre fuhdwlrq dqg ghvwuxfwlrq ehfrph pruh vlplodu dv lglrv|qfudwlf
vkrfnv ehfrph pruh shuvlvwhqw1
Wkh lqwxlwlrq iru wklv uhvxow frphv iurp lqvshfwlrq ri wkh uvw rughu frqglwlrqv zklfk ghqh
?} dqg ?K/ htxdwlrqv +516, dqg +517,1 Iru dq h{sdqglqj sodqw/ rqh ehqhw ri fuhdwlqj wkh pdujlqdo
mre lv wkh ixwxuh mre fuhdwlrq frvw dyrlghg li surgxfwlylw| uhpdlqv jrrg1 Wklv ehqhw sduwldoo|
44rvhwv wkh fxuuhqw mre fuhdwlrq frvw1 Rqh frvw ri fuhdwlqj wkh pdujlqdo mre lv wkh mre ghvwuxfwlrq
frvw lqfxuuhg li surgxfwlylw| ehfrphv edg1 Wklv dggv wr wkh wrwdo frvw ri mre fuhdwlrq1 Zkhq
surgxfwlylw| lv shuvlvwhqw/ wkh rvhwwlqj ehqhw lv yhu| odujh dqg wkh dgglwlrqdo frvw lv yhu| vpdoo1
Ehfdxvh wkh wrwdo dgmxvwphqw frvwv lqfxuuhg iru wkh pdujlqdo mre duh vpdoohu zkhq R lv vpdoo/
?} uhvsrqgv e| pruh wr fkdqjhv ri lqsxw sulfhv1 Wkh dqdo|vlv ri wkh mre ghvwuxfwlrq ghflvlrq
lv vlplodu1 Wkh wrwdo dgmxvwphqw frvwv dyrlghg iurp uhwdlqlqj wkh pdujlqdo mre duh vpdoo zkhq
surgxfwlylw| lv shuvlvwhqw/ vr ?K uhvsrqgv ohvv wr fkdqjhv ri lqsxw sulfhv1 Ehfdxvh wkh uhvsrqvhv
ri ?} dqg ?K wr d fkdqjh lq ` ehfrph pruh vlplodu zkhq R lv vpdoohu/ wkh uhvsrqvhv ri djjuhjdwh
mre fuhdwlrq dqg ghvwuxfwlrq dovr ehfrph pruh vlplodu1
61 Wkh Prgho
Wkh h{dpsoh lq wkh suhylrxv vhfwlrq looxvwudwhv krz sursruwlrqdo mre fuhdwlrq dqg ghvwuxfwlrq
frvwv fdq jlyh ulvh wr dv|pphwulf uhvsrqvhv wr djjuhjdwh vkrfnv e| mre fuhdwlqj dqg ghvwur|lqj
sodqwv1 Wr ixuwkhu dvvhvv wklv phfkdqlvp iru xqghuvwdqglqj jurvv mre  rzv/ zh prgli| wkh
h{dpsoh lq wkuhh zd|v1 Iluvw/ rqjrlqj djjuhjdwh  xfwxdwlrqv duh dgghg1 Zh dvvxph wkdw
wkh zdjh/ `|/ iroorzv d Pdunry fkdlq ryhu wkh julg ` ￿ :` , : f zlwk wudqvlwlrq pdwul{
T
1 Qrwh wkdw/ dv lq wkh h{dpsoh/ fkdqjhv lq wkh zdjh fdq uh hfw erwk ghpdqg dqg vxsso|
vkrfnv1 Vhfrqg/ zh dvvxph wkh glvwulexwlrq ri lglrv|qfudwlf surgxfwlylw| vkrfnv lv frqwlqxrxv
udwkhu wkdq glvfuhwh1 Vshflfdoo|/ *?5| iroorzv d udqgrp zdon zlwk frqwlqxrxvo| glvwulexwhg
lqqrydwlrq/ 0|1 Wkh lqqrydwlrq lv l1l1g1 dfurvv wlph dqg sodqwv1 Lq sudfwlfh/ 0| zloo kdyh d qrupdo
glvwulexwlrq wuxqfdwhg dw yhu| odujh dqg vpdoo ydoxhv zlwk phdq > dqg vwdqgdug ghyldwlrq
j5145 Wkh h{dpsoh vxjjhvwv wkdw wklv prgho lv eldvhg wrzdugv qglqj olwwoh dv|pphwu| ehwzhhq
djjuhjdwh mre fuhdwlrq dqg ghvwuxfwlrq ehfdxvh sodqwv* lglrv|qfudwlf surgxfwlylw| ohyhov duh yhu|
shuvlvwhqw1 Krzhyhu/ wkh dvvxpswlrq ri d udqgrp zdon vlpsolhv frpsdulvrqv ehwzhhq wklv
prgho dqg vwdqgdug E7cr prghov ri hpsor|phqw g|qdplfv1 Ilqdoo|/ zh dvvxph wkdw sodqwv gr
qrw idfh {hg frvwv ri fkdqjlqj hpsor|phqw1 Zkloh vxfk frvwv vlpsolhg wkh dqdo|vlv deryh/
khuh wkh| lqwurgxfh xqqhfhvvdu| whfkqlfdo gl!fxowlhv1 Lq doo rwkhu uhvshfwv/ wkh prgho ghvfulehg
lq wklv vhfwlrq lv wkh vdph dv wkh h{dpsoh1
45Wkh dvvxpswlrq ri d erxqghg vxssruw lv d whfkqlfdo frqglwlrq xvhg lq wkh dqdo|vlv ri wkh sodqw*v g|qdplf
surjudpplqj sureohp1
45Zh ehjlq wklv vhfwlrq e| ghvfulelqj wkh surw pd{lpl}dwlrq sureohp ri wkh uhsuhvhqwdwlyh
sodqw pdqdjhu dqg wkh rswlpdo hpsor|phqw srolf| lw lpsolhv1 Diwhu wklv zh glvfxvv wkh srvvleoh
lpsolfdwlrqv ri wkh hpsor|phqw srolf| iru djjuhjdwh jurvv mre  rz g|qdplfv1 Ilqdoo|/ zh suhvhqw
d jhqhudo htxloleulxp lqwhusuhwdwlrq ri wkh prgho1
6141 Wkh Sodqw Pdqdjhu*v Sureohp
Wkh sureohp idfhg e| wkh uhsuhvhqwdwlyh sodqw pdqdjhu lv wr fkrrvh hpsor|phqw dw doo gdwhv
wr pd{lpl}h wkh suhvhqw glvfrxqwhg ydoxh ri wkh sodqw*v surwv1 Wr vwxg| wklv sureohp/ zh fdvw
lw dv d g|qdplf surjudp1 Hdfk shulrg/ wkh sodqw pdqdjhu fkrrvhv fxuuhqw hpsor|phqw diwhu
revhuylqj fxuuhqw surgxfwlylw|/ hpsor|phqw lq wkh suhylrxv shulrg/ dqg wkh zdjh1 Gursslqj
wlph vxevfulswv/ ohw 6 dqg ? ghqrwh wkh ohyho ri hpsor|phqw lq wkh suhylrxv dqg fxuuhqw shulrg/
uhvshfwlyho|/ dqg ghqh wkh vfdohg hpsor|phqw yduldeohv/ % ' 6*5￿*E￿3k￿ dqg + ' ?*5￿*E￿3k￿1
Wkh g|qdplf surjudp zklfk vxppdul}hv wkh sodqw pdqdjhu*v surw pd{lpl}dwlrq sureohp lv
wkhq
}E5c%c`'4 @  
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k  `+  E+c%E+  %o n q,d}E5
￿c+*c`
￿m5c`o +614,
Khuh zh xvh wkh c￿* qrwdwlrq lq wkh xvxdo idvklrq dqg  'E 5￿*5
￿*E￿3k￿ 'i  TE 0￿*E  k1W k h
frqglwlrqdo h{shfwdwlrqv rshudwru lv ,dmo/ dqg zh dvvxph wkdw zkhq iruplqj wklv h{shfwdwlrq
wkh sodqw rzqhu xqghuvwdqgv wkh odz ri prwlrq iru 5 dqg `1 Ilqdoo|/  E+c% uhsuhvhqwv wkh
shumre dgmxvwphqw frvwv/ zklfk/ dv ehiruh/ duh phdvxuhg lq xqlwv ri wkh rxwsxw jrrg=
 E+c%'SU i+:% j_U i+	% jc
zkhuh U ij lv wkh lqglfdwru ixqfwlrq wkdw htxdov xqlw| li lwv dujxphqw lv wuxh dqg }hur rwkhuzlvh1
Lq wkh whfkqlfdo dsshqgl{/ zh vkrz wkdw wkh ydoxh ixqfwlrq }E5c%c` wkdw fruuhvsrqgv
wr wkh vroxwlrq wr wkh vhtxhqfh yhuvlrq ri wkh sodqw pdqdjhu*v g|qdplf surw pd{lpl}dwlrq
sureohp lv krprjhqhrxv ri ghjuhh *E  k lq 51 Wkhuhiruh/ zh fdq irfxv rq vroxwlrqv wr +614,
zklfk vdwlvi| wklv surshuw| dqg zulwh }E5c%c`'5￿*E￿3k￿E%c`/ zkhuh  E%c` lv ghqhg wr
htxdo }Ec%c`1 Li zh vxevwlwxwh wklv h{suhvvlrq iru }E5c%c` lqwr +614, dqg xvh wkh idfw wkdw
*?5 iroorzv d udqgrp zdon/ zh fdq holplqdwh 5 iurp erwk vlghv ri wkh htxdwlrq1 Wkh uhvxowlqj
46Ehoopdq htxdwlrq lv
E%c`'4 @  
+ +
k  `+  E+c%E+  %nq,d E+*c`
￿m`o +615,
Wkh vroxwlrq wr +615, fkdudfwhul}hv wkh vroxwlrq wr wkh sodqw pdqdjhu*v surw pd{lpl}dwlrq
sureohp1 Diwhu ehlqj dgdswhg wr wklv sduwlfxodu sureohp/ wkh vwdqgdug g|qdplf surjudpplqj
dujxphqwv irxqg lq Vwrnh| dqg Oxfdv +4<;<, fdq eh xvhg wr ghprqvwudwh wkh h{lvwhqfh dqg
xqltxhqhvv ri d ixqfwlrq E%c` wkdw vdwlvhv +615, dqg wr vkrz wkdw wklv ixqfwlrq lv frqfdyh
lq %1 Wkhvh dujxphqwv duh glvfxvvhg lq pruh ghwdlo lq wkh whfkqlfdo dsshqgl{1
6151 Wkh Rswlpdo Hpsor|phqw Srolf|
Zh qrz ghvfuleh wkh srolf| ixqfwlrq iru + dqg vkrz krz lw lv xvhg wr irupxodwh wkh sodqw
pdqdjhu*v rswlpdo hpsor|phqw srolf|1 Ehfdxvh  E%c` lv frqfdyh lq % +dqg vr glhuhqwldeoh lq
% doprvw hyhu|zkhuh, dqg  kdv d frqwlqxrxv glvwulexwlrq/ ,d E+*c` ￿m`o lv d glhuhqwldeoh
ixqfwlrq ri +146 Wkh glhuhqwldelolw| ri wkh h{shfwhg ydoxh ixqfwlrq lpsolhv wkdw wkh remhfwlyh
rq wkh uljkw kdqg vlgh ri +615, lv glhuhqwldeoh lq + hyhu|zkhuh h{fhsw dw + ' %1W k h u h i r u h /w k h
rswlpdo fkrlfh ri + pxvw vdwlvi| wkh iroorzlqj uvw rughu frqglwlrqv
k+
k3￿  `  S n q,d￿ E+*c`
￿m`o  f li +  %/ zlwk htxdolw| li +:% c +616,
k+
k3￿  ` n _ n q,d￿ E+*c`
￿m`o  f li +  %/ zlwk htxdolw| li +	%  +617,
Khuh/ ￿ E%c` lv ghqhg dv wkh uljkw +ru ohiw, ghulydwlyh ri wkh ydoxh ixqfwlrq zlwk uhvshfw wr
lwv uvw dujxphqw/ zklfk h{lvwv hyhu|zkhuh ehfdxvh ri wkh frqfdylw| ri wkh ydoxh ixqfwlrq147
Ghqh wkh vfdohg hpsor|phqw wkuhvkrogv + E` dqg +E` dv wkh ydoxhv ri + zklfk vdwlvi| wkh
ghulydwlyh frqglwlrqv lq +616, dqg +617, zlwk htxdolw|148 Qrwlfh wkdw +E` 	 +E` li hlwkhu S
ru _ lv srvlwlyh1 Wkhvh ixqfwlrqv fkdudfwhul}h wkh rswlpdo vfdohg hpsor|phqw fkrlfh dvvrfldwhg
46Wklv lv suryhq lq wkh whfkqlfdo dsshqgl{1 Qrwh wkdw wkh dujxphqwv ri Ehqyhqlvwh dqg Vfkhlqnpdq +4<:<,/
zklfk uho| rq wkh glhuhqwldelolw| ri wkh uhwxuq ixqfwlrq wr hvwdeolvk glhuhqwldelolw| ri wkh ydoxh ixqfwlrq/ gr
q r wk r o gk h u h 1
47Wklv ixqfwlrq htxdov wkh dvvrfldwhg ghulydwlyh ri wkh ydoxh ixqfwlrq hyhu|zkhuh h{fhsw rq d vhw ri phdvxuh
}hur zkhuh wkh ghulydwlyh ri wkh ydoxh ixqfwlrq lv xqghqhg1
48Ehfdxvh |￿￿4 dqg H^y4 +|@x>Z3,mZ` duh ghfuhdvlqj ixqfwlrqv ri |/e r w k|+Z, dqg |+Z, duh zhoo gh0
qhg1 Zh h{sorlw wkh hqyhorsh frqglwlrq wr irupxodwh dojheudlf h{suhvvlrqv iru |+Z, dqg | +Z,> zklfk duh
vwudljkwiruzdug wr vroyh qxphulfdoo|1 Vhh wkh whfkqlfdo dsshqgl{ iru ghwdlov1
47Iljxuh 614= Looxvwudwlrq ri Rswlpdo Hpsor|phqw Srolflhv
zlwk +615,/ +￿1L i +E`  %  +E` wkhq hpsor|phqw lv xqfkdqjhg/ +￿ ' %1L i %	+E`/
wkhq +￿ ' +E` dqg li %:+E`/w k h q+￿ ' +E`1 Zlwk wklv srolf| dqg wkh ghqlwlrqv ri
% dqg + lq kdqg/ lw lv vwudljkwiruzdug wr frqvwuxfw wkh rswlpdo srolf| iru wkh xqvfdohg ohyho ri
hpsor|phqw/ ?￿1 Wklv fdq eh ghvfulehg lq whupv ri wkh mre fuhdwlrq vfkhgxoh/
?E5c`'+ E`5
￿*E￿3k￿ +618,
dqg wkh mre ghvwuxfwlrq vfkhgxoh/
?E5c`'+E`5
￿*E￿3k￿ +619,
Li odjjhg hpsor|phqw/ 6/l ve h w z h h q?E5c` dqg ?E5c`/ wkhq wkh sodqw qhlwkhu fuhdwhv qru
ghvwur|v mrev/ ?￿ ' 61L i 6	? E5c` wkhq wkh rswlpdo srolf| vshflhv ?￿ ' ?E5c` vr
wkdw ?￿  6 mrev duh fuhdwhg1 Vlploduo|/ li 6:?E5c`/ wkhq wkh rswlpdo srolf| vshflhv
?￿ ' ?E5c` dqg 6  ?￿ mrev jhw ghvwur|hg1
Iljxuh 614 looxvwudwhv wkh rswlpdo hpsor|phqw srolf| iru d jlyhq ydoxh ri `1 Wkh mre fuhdwlrq
dqg ghvwuxfwlrq vfkhgxohv duh erwk orj olqhdu lq 5 zlwk lqwhufhswv *?+E` dqg *?+E` dqg
frpprq vorsh *E  k1 Vlqfh *?+E` 	 *?+E`/ wkh mre fuhdwlrq vfkhgxoh olhv ehorz wkh mre
ghvwuxfwlrq vfkhgxoh1 Frqvlghu wkh hpsor|phqw ghflvlrqv dw wkuhh sodqwv zlwk lghqwlfdo odjjhg
hpsor|phqw exw glhuhqw uhdol}dwlrqv ri whfkqrorj| lq wkh fxuuhqw shulrg1 Wkhvh sodqwv duh
48Iljxuh 615= Looxvwudwlrq ri Rswlpdo Srolf| Uhvsrqvhv wr d Fkdqjh lq `|
ghqrwhg / /d q g lq wkh Iljxuh1 Sodqw  olhv deryh wkh mre ghvwuxfwlrq vfkhgxoh1 Lw fkrrvhv
fxuuhqw hpsor|phqw wr eh wkh ydoxh lpsolhg e| wkh ghvwuxfwlrq vfkhgxoh dw lwv fxuuhqw ohyho
ri whfkqrorj|1 Wkhuhiruh/ lw ghvwur|v mrev dw wkh udwh htxdo wr wkh yhuwlfdo glvwdqfh iurp  wr
wkh mre ghvwuxfwlrq vfkhgxoh1 Sodqw  olhv ehwzhhq wkh wzr vfkhgxohv/ vr lw ohdyhv hpsor|phqw
xqfkdqjhg1 Sodqw  olhv ehorz wkh mre fuhdwlrq vfkhgxoh1 Lw fuhdwhv mre dw wkh udwh htxdo wr wkh
yhuwlfdo glvwdqfh iurp  wr wkh mre fuhdwlrq vfkhgxoh1
6161 Jurvv Mre Iorz G|qdplfv
Zh duh lqwhuhvwhg lq wkh g|qdplfv ri jurvv mre  rzv lpsolhg e| d frqwlqxxp ri sodqwv iroorzlqj
wkh rswlpdo hpsor|phqw srolf| mxvw ghvfulehg1 Vlqfh wkh zdjh ghwhuplqhv *?+E` dqg *?+ E`c
lw iroorzv wkdw yduldwlrq lq wkh zdjh ohdgv wr  xfwxdwlrqv lq wkh fuhdwlrq dqg ghvwuxfwlrq vfkhg0
xohv1 Wkh h{dpsoh lq Vhfwlrq 5 vxjjhvwv wkdw *?+E` zloo uhvsrqg e| ohvv wr d zdjh fkdqjh wkdq
*?+E`/ vr zh h{shfw wkh fuhdwlrq vfkhgxoh zloo eh ohvv yduldeoh wkdq wkh ghvwuxfwlrq vfkhgxoh1
Wkdw lv/ wkh hpsor|phqw ghflvlrqv ri mre fuhdwlqj sodqwv duh h{shfwhg wr eh ohvv yrodwloh wkdq
wkh hpsor|phqw ghflvlrqv ri mre ghvwur|lqj sodqwv1
Iljxuh 615 lv khosixo iru xqghuvwdqglqj krz dv|pphwu| lq wkh yrodwlolw| ri wkh srolf| vfkhg0
xohv fdq ohdg wr dv|pphwulf yrodwlolw| ri djjuhjdwh mre fuhdwlrq dqg ghvwuxfwlrq1 Lw frqwdlqv


















/ uhvshfwlyho|1 Wkh gdvkhg duurzv lqglfdwh wkh pryhphqw ri wkh
vfkhgxohv zkhq wkh zdjh fkdqjhv iurp `, wr ` ￿1 Dv wkh| duh gudzq/ wkh mre ghvwuxfwlrq
vfkhgxoh uhvsrqgv e| pruh wkdq wkh mre fuhdwlrq vfkhgxoh wr d zdjh fkdqjh1
Frqvlghu wkh hpsor|phqw ghflvlrqv ri irxu sodqwv zlwk hpsor|phqw dqg whfkqrorj| dv lq0
glfdwhg e| wkh odehoohg srlqwv lq Iljxuh 6151 Sodqw  ghvwur|v mrev uhjdugohvv ri zkhwkhu wkh
zdjh fkdqjhv/ exw zkhq wkh zdjh fkdqjhv lw ghvwur|v pruh mrev wkdq rwkhuzlvh1 Lq wkh devhqfh
ri d zdjh fkdqjh/ sodqw  nhhsv lwv hpsor|phqw frqvwdqw/ exw lw ghvwur|v mrev zkhq wkh zdjh
fkdqjhv1 Sodqwv  dqg ( erwk fuhdwh mrev lq wkh devhqfh ri wkh zdjh fkdqjh1 Zkhq wkh zdjh
fkdqjhv/ sodqw  ohdyhv lwv hpsor|phqw xqfkdqjhg dqg sodqw ( fuhdwhv ihzhu mrev wkdq rwkhu0
zlvh1 Ehfdxvh wkh mre ghvwuxfwlrq vfkhgxoh vkliwv e| pruh wkdq wkh mre fuhdwlrq vfkhgxoh/ wkh
lqwhqvlw| ri mre ghvwuxfwlrq lv lqfuhdvhg dw sodqwv zklfk ehkdyh olnh  pruh wkdq wkh lqwhqvlw|
ri mre fuhdwlrq lv uhgxfhg dw sodqwv olnh (1 Ixuwkhupruh/ lw lv srvvleoh wkdw wkh qxpehu ri sodqwv
olnh / zklfk vzlwfk iurp lqdfwlylw| wr mre ghvwuxfwlrq zkhq wkh zdjh fkdqjhv/ lv juhdwhu wkdq
wkh qxpehu ri sodqwv olnh / zklfk vzlwfk iurp mre fuhdwlrq wr lqdfwlylw|1 Wkhvh frqvlghudwlrqv
frpelqhg vxjjhvw wkdw zh vkrxog h{shfw djjuhjdwh mre ghvwuxfwlrq wr eh pruh yduldeoh wkdq
djjuhjdwh mre fuhdwlrq lq wkh prgho1 Krzhyhu/ Fdedoohur*v +4<<5, revhuydwlrqv dohuw xv wr wkh
srvvlelolw| wkdw yduldwlrq lq wkh glvwulexwlrq ri sodqwv dfurvv wkh vwdwh vsdfh pljkw xqgr wkh
plfurhfrqrplf dv|pphwulhv ghvfulehg khuh1 Lq wkh txdqwlwdwlyh dqdo|vlv suhvhqwhg lq Vhfwlrq 7
zh yhuli| wkdw mre ghvwuxfwlrq grhv whqg wr eh pruh yrodwloh wkdq mre fuhdwlrq zkhq wkh srolf|
vfkhgxohv ydu| dv|pphwulfdoo| dv wkh| gr khuh1
Wr jdlq ixuwkhu lqvljkw lqwr wkh phfkdqlvp zklfk xqghuolhv wkh g|qdplfv ri jurvv mre  rzv lq
rxu prgho/ lw lv khosixo wr frpsduh wkh rswlpdo hpsor|phqw srolf| zlwk wkh w|sh ri srolf| vwxglhg
e| Fdedoohur +4<<5, dqg Irrwh +4<<:,1 Wkhvh dxwkruv vwxg| wzr0vlghg E7cr hpsor|phqw srolflhv
lq zklfk wkh uhohydqw vwdwh yduldeoh lv wkh hpsor|phqw jds/ ghqhg dv wkh glhuhqfh ehwzhhq
d sodqw*v dfwxdo hpsor|phqw dqg lwv rswlpdo hpsor|phqw lq wkh devhqfh ri dgmxvwphqw frvwv1
D w|slfdo hpsor|phqw srolf| ri wklv w|sh vshflhv krz wr frqwuro wkh hpsor|phqw jds lq wkh
suhvhqfh ri sodqw0vshflf dqg djjuhjdwh vkrfnv zklfk shuwxue wkh iulfwlrqohvv rswlpxp1 Lw lv
frpsohwho| vshflhg e| wzr wkuhvkrog srlqwv/ u dqg L/d q gw z ruhwxuq srlqwv/ , dqg / vxfk wkdw
u  ,	 L 1 Wkhvh wkuhvkrog dqg uhwxuq srlqwv duh wlph lqyduldqw/ dqg lq sduwlfxodu wkh|
gr qrw ghshqg rq wkh djjuhjdwh vkrfn1 Hpsor|phqw lv xqfkdqjhg dv orqj dv wkh vkrfnv ohdyh
wkh hpsor|phqw jds ehwzhhq u dqg L1 Li wkh hpsor|phqw jds idoov ehorz u ru h{fhhgv L lq
4:wkh devhqfh ri dq hpsor|phqw fkdqjh/ mrev duh fuhdwhg ru ghvwur|hg xqwlo lw htxdov wkh qhduhvw
uhwxuq srlqw1
Wklv nlqg ri srolf| hphujhv lq d yhuvlrq ri rxu prgho lq zklfk wkh zdjh lv frqvwdqw/ vd|
` ' / dqg wkh whfkqrorj| vkrfn lv uhsodfhg e| wkh surgxfw ri wkh lglrv|qfudwlf whup zh kdyh
douhdg| ghvfulehg/ 5|c dqg dq djjuhjdwh vkrfn/ |1D v v x p h*?| iroorzv d udqgrp zdon/ srvvleo|
zlwk guliw/ zlwk frqwlqxrxvo| glvwulexwhg lqqrydwlrq/ w|c rq d frpsdfw vxssruw1 E| vfdolqj
fxuuhqw dqg odjjhg hpsor|phqw e| E5||￿*E￿3k￿/ wkh sodqw pdqdjhu*v sureohp lv lghqwlfdo wr
ehiruh/ zlwk wkh reylrxv uhlqwhusuhwdwlrq ri wkh vwrfkdvwlf whfkqrorj| whupv lq +614, dqg +615,1
Wkh rswlpdo hpsor|phqw srolf| lv ghulyhg lq wkh vdph zd| dv zhoo1 Dqdorjrxv wr ehiruh/ wkh










zkhuh +￿ dqg +￿ vroyh wkh dssursuldwho| prglhg ghulydwlyh frqglwlrqv lq +616, dqg +617, zlwk
htxdolw|1 Xqolnh ehiruh/ +￿ dqg +￿ duh frqvwdqwv dqg gr qrw ghshqg rq wkh djjuhjdwh vkrfn1
Zh qrz vkrz krz wkh hpsor|phqw srolf| iru wklv prgho fdq eh uhsuhvhqwhg dv d vwdqgdug
wzr0vlghg E7cr srolf|1 Vlqfh wkhuh duh qr {hg frvwv/ wkh wkuhvkrog dqg uhwxuq srlqwv duh
lghqwlfdo/ u ' , dqg L ' 1 Xvlqj wkh idfw wkdw wkh iulfwlrqohvv rswlpdo hpsor|phqw lv jlyhq e|
Ek5||













zkhuh/ dv ehiruh/ zh xvh ?￿
| wr ghqrwh wkh rswlpdo hpsor|phqw srolf| zlwk dgmxvwphqw frvwv149
49Khuh zh kdyh phdvxuhg wkh hpsor|phqw jds lq orjv zkloh Fdedoohur +4<<5, dqg Irrwh +4<<:, phdvxuh lw lq
ohyhov1
4;Wkh hpsor|phqw jds hyroyhv dffruglqj wr
r| '
;
A A A A A ?
A A A A A =
, li r|3￿  #|  v| 	u
r|3￿  #|  v| li u  r|3￿  #|  v|  L
 li r|3￿  #|  v| :L
c +6143,
zkhuh
u ' , '* ?+
￿  E*E  k*?k
L '  '* ?+
￿  E*E  k*?k
#| ' 0|*E  k
v| ' w|*E  k
Qrwlfh wkdw wkh hyroxwlrq ri r| lv lq xhqfhg e| erwk lglrv|qfudwlf dqg djjuhjdwh vkrfnv dqg wkh
wkuhvkrogv dqg uhwxuq srlqwv gr qrw ghshqg rq wkh djjuhjdwh vkrfn14:
Wr dssuhfldwh wkh lpsolfdwlrqv ri wklv w|sh ri srolf| iru wkh g|qdplfv ri jurvv mre  rzv/
uhfrqvlghu Iljxuh 6151 Wkh fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv iru wkh fxuuhqw prgho/ +61:, dqg
+61;,/ duh orj0olqhdu dv lq wkh zdjh xqfhuwdlqw| yhuvlrq ri wkh prgho dqg kdyh wkh vdph vorsh
+vhh +618, dqg +619,,1 Wkh fuxfldo glhuhqfh iru jurvv mre  rzv lv krz wkh vfkhgxohv vkliw lq
uhvsrqvh wr djjuhjdwh vkrfnv1 Lq wkh zdjh xqfhuwdlqw| prgho zh h{shfw wkh vfkhgxohv wr vkliw
dv|pphwulfdoo|1 Khuh wkh| vkliw v|pphwulfdoo| vlqfh/ xqolnh lq +618, dqg +619,/ +￿ dqg +￿ gr
qrw ghshqg rq wkh djjuhjdwh vwdwh ri whfkqrorj| dqg wkh vfkhgxohv duh htxdoo| hodvwlf zlwk
uhvshfw wr wkh djjuhjdwh vkrfn/ |1 Frqvlghu d uhgxfwlrq lq | zklfk vkliwv wkh vfkhgxohv grzq
v|pphwulfdoo| +lqvwhdg ri dv|pphwulfdoo| dv wkh| duh gudzq lq Iljxuh 615,1 Ehfdxvh wkh vfkhgxohv
vkliw v|pphwulfdoo|/ wkh hpsor|phqw jdlqv dw mre fuhdwlqj sodqwv duh uhgxfhg/ rq dyhudjh/ wkh
vdph dprxqw dv wkh hpsor|phqw orvvhv dw mre ghvwur|lqj sodqwv duh lqfuhdvhg1 Wkhuhiruh/ lq
wkh devhqfh ri dv|pphwulfdoo| glvwulexwhg djjuhjdwh vkrfnv dqg hpsor|phqw wuhqgv/ zh h{shfw
djjuhjdwh mre fuhdwlrq dqg ghvwuxfwlrq wr eh htxdoo| yduldeoh1
4:Wkh hpsor|phqw srolf| lq wkh yhuvlrq ri rxu prgho zlwk zdjh xqfhuwdlqw| fdq dovr eh uhsuhvhqwhg lq whupv ri
wkh hpsor|phqw jds1 Wkh wudqvlwlrq htxdwlrq iru vw kdv wkh vdph irup dv +6143, zlwk O+Zw,@o+Zw,@o q|+Zw,.
+4@+4,,+oqZw  oq,/ X+Zw,@x+Zw,@o q|+Zw,.+4@+4,,+oqZw  oq,/  w @+ 4 @+4,,oq+Zw￿4@Zw,
dqg w @ %w@+4,1 Qrwlfh wkdw wkh wkuhvkrogv +dqg uhwxuq srlqwv, duh qrw frqvwdqwv lq wklv fdvh/ exw ydu| zlwk
wkh zdjh1
4<6171 Jhqhudo Htxloleulxp
Dowkrxjk rxu prgho kdv ehhq suhvhqwhg lq sduwldo htxloleulxp/ lw fdq eh uhlqwhusuhwhg zlwklq
d jhqhudo htxloleulxp iudphzrun zlwk sduwlfxodu dvvxpswlrqv rq wdvwhv dqg whfkqrorj|1 Lq wklv
vxevhfwlrq/ zh vnhwfk vxfk d iudphzrun iru wkh yhuvlrq ri rxu prgho zlwk zdjh xqfhuwdlqw|1 Zh
wkhq xvh wklv iudphzrun wr frqwudvw rxu prgho zlwk wkdw vwxglhg e| Fdedoohur dqg Kdpprxu
+4<<9,1
Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri krxvhkrogv dqg d frqwlqxxp ri frqvxpswlrq
jrrg surgxfhuv1 Wkh krxvhkrogv duh lghqwlfdo dqg wkhlu suhihuhqfhv iru vhtxhqfhv ri wkh qrq0
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Wkh pdujlqdo xwlolw| ri ohlvxuh/ / dqg wkh pdujlqdo xwlolw| ri pdwhuldov/ `|  c duh erwk
srvlwlyh1 Wkh yduldeoh `| lv dq djjuhjdwh glvwxuedqfh wr suhihuhqfhv zklfk hyroyhv dffruglqj
wr wkh Pdunry fkdlq ghvfulehg suhylrxvo|1 Lq hdfk shulrg krxvhkrogv duh hqgrzhg zlwk {hg
txdqwlwlhv ri wlph dqg pdwhuldov1 Oderu/ frqvxpswlrq jrrgv dqg pdwhuldov duh doo wudghg lq
frpshwlwlyh pdunhwv dqg wkh frqvxpswlrq jrrg lv wdnhq dv wkh qxphudluh1 Wkh frqvxpswlrq
jrrg surgxfhuv duh hqgrzhg zlwk wkh whfkqrorj| ghvfulehg lq Vhfwlrq 7141 Jlyhq wkdw wkh|
duh rzqhg e| krxvhkrogv dqg zh dvvxph d frpsohwh vhw ri pdunhwv lq vwdwh frqwlqjhqw fodlpv/
wkh jrrgv surgxfhuv glvfrxqw ixwxuh surwv zlwk wkh qhw lqwhuhvw udwh *q  1 Vlqfh oderu
dqg pdwhuldov duh hpsor|hg e| sodqwv lq {hg sursruwlrqv/ wkh shu0shulrg frvw ri d mre +ghqhg
deryh dv wkh frpelqdwlrq ri d xqlw ri oderu dqg pdwhuldov dv ghwhuplqhg e| wkh {hg sursruwlrqv
whfkqrorj|, lv jlyhq lq htxloleulxp dw hdfk gdwh e| `|c dv orqj dv wkh djjuhjdwh vxsso| ri oderu
dqg pdwhuldov lv vx!flhqw wr phhw wkh ghpdqg ri surgxfhuv lq doo vwdwhv ri wkh zruog dqg
krxvhkrogv dozd|v frqvxph vrph pdwhuldov dqg ohlvxuh1 Lw iroorzv wkdw wkh g|qdplfv ri jurvv
mre  rzv hphujlqj iurp wklv prgho duh lghqwlfdo wr wkh sduwldo htxloleulxp prgho1
Wkh vlpsolflw| ri wklv iudphzrun khosv xv wr irfxv rq wkh ihdwxuhv ri d sodqw*v surw pd{l0
pl}dwlrq sureohp zklfk jhqhudwh dv|pphwulhv lq mre fuhdwlrq dqg ghvwuxfwlrq ghflvlrqv1 Qrwlfh
wkdw lw lv vlplodu wr wkh prgho vwxglhg e| Fdedoohur dqg Kdpprxu +4<<9,1 Lq sduwlfxodu/ rxu
dvvxpswlrqv rq suhihuhqfhv/ hqgrzphqwv dqg wkh vrxufh ri djjuhjdwh  xfwxdwlrqv fruuhvsrqg
53wr wkhlu prgho14; Wkhuh duh wzr pdlq glhuhqfhv zlwk wkhlu prgho dqg wkhvh h{sodlq zk| wkh
uhvxowv zh uhsruw lq wkh qh{w vhfwlrq duh glhuhqw iurp wkhlu qglqjv1
Iluvw/ rxu surgxfwlrq whfkqrorj| lv glhuhqw iurp wkh rqh vwxglhg e| Fdedoohur dqg Kdpprxu1
Lq wkhlu prgho rxwsxw lv surgxfhg lq surgxfwlrq xqlwv +zkdw zh fdoo sodqwv, ri frqvwdqw vl}h
zklfk frpelqh fdslwdo dqg mrev lq {hg sursruwlrqv1 Vlqfh mrev duh lghqwlfdo wr surgxfwlrq xqlwv/
wkh mre fuhdwlrq frvwv wkh| vwxg| duh lqglvwlqjxlvkdeoh iurp frvwv ri lqvwdoolqj qhz fdslwdo1 Rwkhu
lpsolfdwlrqv ri wkhlu whfkqrorjlfdo dvvxpswlrqv duh wkdw wkh pdujlqdo surgxfw ri d qhz mre lv
lqyduldqw wr wkh qxpehu ri mrev fuhdwhg lq dq| shulrg/ dqg yduldwlrq lq djjuhjdwh hpsor|phqw
rqo| dulvhv gxh wr fkdqjhv lq wkh qxpehu ri surgxfwlrq xqlwv1 Lq rxu prgho/ wkhuh lv d frqvwdqw
qxpehu ri sodqwv hdfk zlwk d {hg vwrfn ri fdslwdo dqg wrwdo hpsor|phqw ydulhv gxh wr yduldwlrq
lq wkh qxpehu ri mrev dw lqglylgxdo sodqwv1 Dovr/ wkh dgmxvwphqw frvwv zh vwxg| duh qhw frvwv
ri dgmxvwlqj hpsor|phqw dw dq h{lvwlqj sodqw1 Ilqdoo|/ gxh wr glplqlvklqj uhwxuqv wr oderu dw
wkh sodqw ohyho/ wkh pdujlqdo surgxfw ri oderu dyhudjhg dfurvv sodqwv lv lqyhuvho| uhodwhg wr wkh
qxpehu ri mrev fuhdwhg lq d jlyhq shulrg lq rxu prgho1
Vhfrqg/ lq rxu prgho wkh oderu pdunhw lv frpshwlwlyh zkloh lq Fdedoohur dqg Kdpprxu
vhdufk dqg pdwfklqj iulfwlrqv dqg lqfrpsohwh frqwudfwlqj ryhu pdwfk0vshflf txdvl0uhqwv sod|
lpsruwdqw urohv1 Vhdufk dqg pdwfklqj gdpshq yduldwlrq lq wkh frvw ri d mre gxh wr pdwhuldov sulfh
fkdqjhv dqg whqg wr lqgxfh fuhdwlrq dqg ghvwuxfwlrq wr eh frqfhqwudwhg lq uhfhvvlrqv1 Lqfrpsohwh
frqwudfwlqj euhdnv wkh wljkw frqqhfwlrq ehwzhhq fuhdwlrq dqg ghvwuxfwlrq dqg khosv wkh prgho
wr ryhufrph wkh frxqwhuidfwxdo suhglfwlrq ri srvlwlyho| fruuhodwhg fuhdwlrq dqg ghvwuxfwlrq14<
Zlwkrxw vhdufk dqg pdwfklqj iulfwlrqv/ wkh sulfh ri oderu grhv qrw gdpshq yduldwlrq lq wkh frvw
ri d mre lq rxu prgho dqg wkhuh lv qrw d vwurqj irufh iru srvlwlyh fr0pryhphqw ehwzhhq fuhdwlrq
dqg ghvwuxfwlrq1 Vlqfh pryhphqwv lq wkh sulfh ri oderu rqo| sduwldoo| rvhw pryhphqwv lq wkh
pdwhuldov sulfh lq Fdedoohur dqg Kdpprxu/ wkh frvw ri d mre lv w|slfdoo| frxqwhuf|folfdo lq wkhlu
prgho153 Khqfh/ lw lv olnho| wkdw rxu pdlq uhvxowv uhsruwhg lq wkh qh{w vhfwlrq/ zklfk ghshqg rq
4;Wkh| gr qrw lqfoxgh ohlvxuh lq wkh suhihuhqfhv ri wkh uhsuhvhqwdwlyh krxvhkrog1 Krzhyhu/ wkh| dujxh wkdw lw
lv ohiw rxw rqo| iru vlpsolflw| dqg lqfrusrudwlqj lw grhv qrw fkdqjh wkhlu uhvxowv +vhh Fdedoohur dqg Kdpprxu
+4<<9,/ s1 ;44 irrwqrwh ;,1
4<Wkh whqghqf| iru srvlwlyh fr0pryhphqw ehwzhhq mre fuhdwlrq dqg ghvwuxfwlrq lv d frpprq ihdwxuh ri prghov
zlwk vhdufk dqg pdwfklqj iulfwlrqv1 Rwkhu h{dpsohv lqfoxgh Dqgroidwwr +4<<9,/ Pruwhqvhq +4<<7,/ dqg Pruwhqvhq
dqg Slvvdulghv +4<<7,1 Iru pruh glvfxvvlrq rq wklv srlqw/ vhh Fdedoohur dqg Kdpprxu +4<<9,/ ss1 ;4<0;581
53Zkhq wkh frvw ri mre fuhdwlrq lv frqvwdqw/ wkhuh duh qr vhdufk iulfwlrqv/ dqg wkhuh lv lqfrpsohwh frqwudfwlqj
ryhu pdwfk vshflf txdvl0uhqwv/ wkh hqgrjhqrxv  xfwxdwlrqv lq wkh zdjh frpsohwho| rvhw wkh h{rjhqrxv  xfwx0
dwlrqv lq wkh pdwhuldov sulfh/ ohdylqj wkh wrwdo frvw ri hpsor|phqw frqvwdqw1 Iru wklv uhvxow dqg vlplodu qglqjv
54wkh frxqwhuf|folfdolw| ri wkh frvw ri d mre/ zloo frqwlqxh wr krog lq d ulfkhu hqylurqphqw zklfk
lqfrusrudwhv vhdufk dqg pdwfklqj1
71 Lpsolfdwlrqv ri wkh Prgho iru Jurvv Mre Iorzv
Zh kdyh dujxhg wkdw wkh prgho ghyhorshg lq wkh suhylrxv vhfwlrq kdv wkh srwhqwldo wr jhqhudwh
dv|pphwulhv lq jurvv mre  rzv1 Qrz zh dvvhvv wklv srwhqwldo e| vwxg|lqj wkh jurvv mre  rzv
lpsolhg e| ydulrxv sdudphwhul}dwlrqv ri wkh prgho1 Rxu pdlq qglqj lv wkdw wkh prgho fdq
jhqhudwh dv|pphwulhv lq jurvv mre  rzv ri wkh w|sh revhuyhg lq wkh XV pdqxidfwxulqj vhfwru1
Wkhvh dv|pphwulhv dulvh gxh wr dv|pphwulf yduldwlrq lq wkh mre fuhdwlrq dqg ghvwuxfwlrq vfkhg0
xohv dqg wkh| duh vwurqjhvw zkhq zdjh fkdqjhv duh qrw h{shfwhg wr shuvlvw iru yhu| orqj1 Zh
ehjlq wkh glvfxvvlrq e| ghvfulelqj krz zh fkrrvh sdudphwhu ydoxhv1 Diwhu wklv zh vwxg| vhyhudo
h{shulphqwv ghvljqhg wr hvwdeolvk wkh edvlf txdolwdwlyh lpsolfdwlrqv ri wkh prgho1 Ilqdoo|/ zh
dqdo|}h vwdwlvwlfv rq jurvv mre  rzv lpsolhg e| vlpxodwlqj wkh prgho dqg frpsduh wkhp wr txdu0
whuo| gdwd rq jurvv mre  rzv iru wkh wudqvsruwdwlrq htxlsphqw lqgxvwu| +VLF 6:,154 Zh zrun
zlwk lqgxvwu|0ohyho gdwd vlqfh zh suhihu wr ylhz wkh prgho dv fkdudfwhul}lqj d vlqjoh lqgxvwu|/
lqvwhdg ri dq hqwluh hfrqrp| ru vhfwru dv lwv jhqhudo htxloleulxp lqwhusuhwdwlrq pljkw vxjjhvw1
7141 Sdudphwhu Ydoxhv
Wr lpsohphqw rxu prgho zh qhhg wr vshfli| wkh iroorzlqj sdudphwhuv
Sodqw0ohyho sdudphwhuv G kcqc>cj5cSc_>
Djjuhjdwh Xqfhuwdlqw| G c`
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Wkh hodvwlflw| ri surgxfwlrq zlwk uhvshfw wr oderu lqsxw/ k/ lv dssur{lpdwho| htxdo wr wkh vkduh
ri jurvv rxwsxw sdlg wr oderu dqg pdwhuldov155 Zh vhw k wr fHDc zklfk lv d w|slfdo ydoxh iru
wklv vkduh lq wkh wudqvsruwdwlrq lqgxvwu|156 Wkh glvfrxqw idfwru q lv vhw wr fD3￿*e vr wkdw wkh
lq Fdedoohur dqg Kdpprxu*v +4<<7, sduwldo htxloleulxp prgho/ wkh dvvxpswlrq wkdw doo qhz mrev duh htxdoo|
surgxfwlyh lv hvvhqwldo1 Zh h{shfw wkdw lq yhuvlrqv ri wkhvh prghov zlwk d ghfuhdvlqj pdujlqdo surgxfw ri oderu/
wkh zdjh zloo qrw frpsohwho| rvhw  xfwxdwlrqv lq wkh sulfh ri pdwhuldov1
54Zh frqqh rxu dqdo|vlv wr wkh wudqvsruwdwlrq vhfwru wr frqvhuyh vsdfh1 Zh qg txdolwdwlyho| vlplodu uhvxowv
iru rwkhu pdqxidfwxulqj lqgxvwulhv iru zklfk gdwd rq jurvv mre  rzv duh dydlodeoh1
55Wklv zloo qrw eh h{dfw ehfdxvh ri wkh dgmxvwphqw frvwv1
56Vhh/ iru h{dpsoh/ wkh 4<:: Fhqvxv ri Pdqxidfwxuhv1
55dqqxdo uhdo lqwhuhvw udwh lv DI dqg d shulrg lq wkh prgho fruuhvsrqgv wr rqh txduwhu1
Dyhudjh hpsor|phqw jurzwk dqg wkh dyhudjh mre uhdoorfdwlrq udwh +wkh vxp ri wkh udwhv ri
mre fuhdwlrq dqg ghvwuxfwlrq, duh xvhg wr lghqwli| > dqg j51 Zlwkrxw djjuhjdwh xqfhuwdlqw|/ wkh
glvwulexwlrq ri hpsor|phqw dfurvv sodqwv frqyhujhv wr d vwhdg| vwdwh/ dqg djjuhjdwh hpsor|phqw
jurzwk lv jlyhq e| wkh phdq ri whfkqrorj|/ i TE>*E  knj2
5*E2E  k21 Zlwk djjuhjdwh
xqfhuwdlqw|/ hpsor|phqw jurzwk pd| glhu iurp wklv irupxod/ exw jlyhq j5 dqg wkh rwkhu prgho
sdudphwhuv/ > vwloo lq xhqfhv lwv pdjqlwxgh dv wkh irupxod vxjjhvwv1 Wr dyrlg wkh hhfwv ri
wuhqgv rq jurvv mre  rzv/ zh fkrrvh > vr wkdw wkh prgho lpsolhv }hur dyhudjh hpsor|phqw
jurzwk1 Kroglqj {hg doo rwkhu prgho sdudphwhuv/ wkh mre uhdoorfdwlrq udwh lq wkh prgho lv
lqfuhdvlqj lq wkh dprxqw ri lglrv|qfudwlf xqfhuwdlqw|1 Wkhuhiruh zh fkrrvh j5 e| pdwfklqj wkh
prgho wr wkh dyhudjh mre uhdoorfdwlrq udwh iru wkh wudqvsruwdwlrq lqgxvwu|157
Qrz frqvlghu wkh dgmxvwphqw frvw sdudphwhuv/ S dqg _1 Lghdoo| zh zrxog olnh wr wdnh wkhvh
ydoxhv iurp d vwxg| ri plfur gdwd1 Xqiruwxqdwho|/ wklv rswlrq lv qrw dydlodeoh wr xv1 Uhfdoo wkdw
S dqg _ duh frvwv ri fkdqjlqj wkh qxpehu ri hpsor|hhv dw d sodqw1 Wkhvh qhw dgmxvwphqw frvwv
lqyroyh glvuxswlrqv wr surgxfwlrq dqg doo rwkhu frvwv wkdw duh qrw uhodwhg wr wkh lghqwlw| ri wkh
zrunhuv exw ghshqg vroho| rq fkdqjlqj wkh qxpehu ri hpsor|hhv1 Dv Kdphuphvk dqg Sidqq
+4<<9, hpskdvl}h lq wkhlu uhylhz ri zrun rq dgmxvwphqw frvwv lq idfwru ghpdqg/ qhw dgmxvwphqw
frvwv duh lqwulqvlfdoo| gl!fxow wr phdvxuh ehfdxvh xvxdoo| wkh| duh lpsolflw/ lq wkdw wkh| uhvxow
lq orvw rxwsxw/ dqg wkxv duh qrw phdvxuhg dqg uhsruwhg e| upv158 Zlwkrxw jrrg hvwlpdwhv ri
wkhvh frvwv/ zh fkrrvh wkhp rq d sulrul jurxqgv1 Vlqfh zh duh xqdzduh ri frpshoolqj hylghqfh
wkdw rqh dgmxvwphqw frvw lv vljqlfdqwo| odujhu wkdq wkh rwkhu/ zh lpsrvh wkh uhvwulfwlrq S ' _1
Ehorz/ zh fkrrvh wkh zdjh vr wkdw lwv dyhudjh urxjko| htxdov xqlw|1 Wklv phdqv wkh dgmxvwphqw
frvwv fdq eh lqwhusuhwhg dv iudfwlrqv ri wkh  rz frvw ri d mre1 Lw iroorzv wkdw wkh frpprq ydoxh
ri wkh dgmxvwphqw frvwv pxowlsolhg e| wkh mre uhdoorfdwlrq udwh htxdov wrwdo lqgxvwu| dgmxvwphqw
frvwv lqfxuuhg dv d iudfwlrq ri wrwdo yduldeoh frvwv159 Zh vhw S ' _ ' *21 Frpelqhg zlwk d
fdoleudwhg mre uhdoorfdwlrq udwh ri Ic wklv ydoxh lpsolhv wkdw dgmxvwphqw frvwv lqfxuuhg e|
57Qrwh wkdw zh phdvxuh jurvv mre  rzv dv wkh srsxodwlrq frxqwhusduwv wr wkh phdvxuhv ghqhg e| Gdylv/
Kdowlzdqjhu dqg Vfkxk +4<<9,1 Lq sduwlfxodu/ wkh udwh ri mre fuhdwlrq lq d jlyhq shulrg lv wkh vxp ri doo mrev
fuhdwhg dw mre fuhdwlqj sodqwv glylghg e| wkh dyhudjh ri fxuuhqw dqg odjjhg wrwdo lqgxvwu| hpsor|phqw1 Vlploduo|/
mre ghvwuxfwlrq lv wkh vxp ri doo mrev ghvwur|hg dw mre ghvwur|lqj sodqwv glylghg e| wkh dyhudjh ri fxuuhqw dqg
odjjhg wrwdo lqgxvwu| hpsor|phqw1 Iru ixuwkhu ghwdlov/ vhh wkh whfkqlfdo dsshqgl{1
58Rxu vshflfdwlrq ri dgmxvwphqw frvwv lv frqvlvwhqw zlwk wkh ylhz wkdw qhw frvwv wr hpsor|phqw dgmxvwphqw
lqyroyh orvw rxwsxw1
59Zh wkdqn Idelr Vfkldqwduhool iru wklv revhuydwlrq1
56wkh lqgxvwu| dv d zkroh dyhudjh derxw DSDI ri wrwdo yduldeoh frvwv1
Rxu odvw fkrlfhv lqyroyh wkh vshflfdwlrq ri djjuhjdwh xqfhuwdlqw|1 Zh frqvlghu vhyhudo

















zkhuh 4 ghqrwhv wkh dxwrfruuhodwlrq ri wkh zdjh1 Wkh wzr zdjh vwdwhv duh h{suhvvhg dv ` ￿ '
i TEj￿ dqg ` , ' i TEj￿c zkhuh j￿ ghqrwhv wkh vwdqgdug ghyldwlrq ri wkh zdjh1 Zh vhohfw
j￿ vr wkdw wkh prgho uhsurgxfhv wkh yduldqfh ri hpsor|phqw jurzwk iru wkh wudqvsruwdwlrq
lqgxvwu|1 Qrwh wkdw wkhvh fkrlfhv iru  dqg wkh wzr zdjh vwdwhv lpso| wkh zdjh lv v|pphwulfdoo|
glvwulexwhg1 Wkhuhiruh wkh phfkdqlvp iru jhqhudwlqj dv|pphwulhv lq jurvv mre  rzv wkurxjk
dv|pphwulhv lq wkh djjuhjdwh gulylqj surfhvv ghvfulehg e| Fdedoohur +4<<5, lv qrw dw zrun lq
rxu dqdo|vlv1
7151 Looxvwudwlqj wkh Edvlf Phfkdqlvp
Khuh zh vwxg| wkh g|qdplfv ri jurvv mre  rzv lpsolhg e| wkh rswlpdo hpsor|phqw srolf| iru
wzr srodu fdvhv iru wkh zdjh wudqvlwlrq pdwul{1 Wkh uvw fdvh zh frqvlghu lqyroyhv vshfli|lqj
4 '  vr wkdw wkh r0gldjrqdo hohphqwv ri  htxdo xqlw|1 Wklv lpsolhv wkdw fkdqjhv lq wkh
zdjh duh nqrzq zlwk fhuwdlqw| wr odvw rqo| rqh shulrg1 Wkdw lv/ wkh zdjh iroorzv d wzr0shulrg
f|foh/ zklfk urxjko| fruuhvsrqgv wr wkh ghwhuplqlvwlf f|foh vwxglhg lq Fdedoohur dqg Kdpprxu
+4<<9,1 Zh fdoleudwh sdudphwhuv dv ghvfulehg deryh15: Wr dvvhvv wkh lpsdfw ri dgmxvwphqw frvwv/
zh dovr frqvlghu d ehqfkpdun iulfwlrqohvv fdvh lq zklfk doo sdudphwhuv duh ohiw dw wkhlu fdoleudwhg
ydoxhv h{fhsw iru wkh dgmxvwphqw frvwv/ zklfk duh vhw wr }hur1 Lq wklv fdvh hpsor|phqw ghflvlrqv
dw sodqwv duh jryhuqhg e| wkh xvxdo vwdwlf oderu ghpdqg vfkhgxoh1
Vlpxodwhg jurvv mre  rzv lpsolhg e| wkh wzr sdudphwhul}dwlrqv duh looxvwudwhg lq Iljxuh
7141 Wklv vkrzv wkdw/ uhjdugohvv ri zkhwkhu wkhuh duh dgmxvwphqw frvwv ru qrw/ mre fuhdwlrq
dqg ghvwuxfwlrq pryh lq rssrvlwh gluhfwlrqv hyhu| shulrg1 Mre ghvwuxfwlrq lv kljkhvw zkhq
wkh zdjh htxdov `￿ dqg mre fuhdwlrq lv kljkhvw zkhq wkh zdjh htxdov ` ,1 Wkhvh g|qdplfv duh
lqwhuhvwlqj jlyhq wkdw vwdqgdug vhdufk dqg pdwfklqj prghov kdyh d whqghqf| iru mre fuhdwlrq dqg
5:Ydoxhv iru wkh sdudphwhuv qrw jlyhq lq wkh wh{w duh  @ 3=4;9(/ } @: =7;(/d q gz @7 =;7(1
57Iljxuh 714= Jurvv Mre Iorzv lq wkh Wzr0Shulrg F|foh Prgho
ghvwuxfwlrq wr fr0pryh srvlwlyho| +zklfk lv frxqwhuidfwxdo/ vhh ehorz,1 Zlwkrxw dgmxvwphqw frvwv
wkh devroxwh ydoxh ri wkh fkdqjhv lq mre fuhdwlrq dqg mre ghvwuxfwlrq duh wkh vdph hyhu| shulrg
vr wkdw wkhvh yduldeohv duh htxdoo| yrodwloh1 Wkh dgmxvwphqw frvwv dfw wr gdpshq  xfwxdwlrqv lq
erwk mre fuhdwlrq dqg mre ghvwuxfwlrq1 Pruhryhu/ mre fuhdwlrq lv gdpshqhg e| pruh wkdq mre
ghvwuxfwlrq vr wkdw mre ghvwuxfwlrq lv pruh yduldeoh wkdq mre fuhdwlrq zkhq wkhuh duh dgmxvwphqw
frvwv1
Wkh v|pphwu| ri jurvv mre  rzv lq wkh iulfwlrqohvv prgho fdq eh wudfhg gluhfwo| wr wkh
idfw wkdw lq wklv prgho wkh mre fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv duh lghqwlfdo1 Srvlwlyh dg0
mxvwphqw frvwv euhdn wkh wljkw frqqhfwlrq ehwzhhq wkh fuhdwlrq dqg ghvwuxfwlrq ghflvlrqv lq
wkh iulfwlrqohvv prgho dqg lqwurgxfh d vljqlfdqw dv|pphwu| lqwr krz wkh| uhvsrqg wr zdjh


















c lv f= wkh uhvsrqvh ri wkh ghvwuxfwlrq vfkhgxoh wr d
zdjh fkdqjh lv bDI odujhu wkdq wkh fruuhvsrqglqj uhvsrqvh ri wkh fuhdwlrq vfkhgxoh1 Wklv dv|p0
58phwu| lqgxfhv wkh lqwhqvlw| ri mre ghvwuxfwlrq dw vkulqnlqj sodqwv wr fkdqjh e| pruh wkdq wkh
lqwhqvlw| ri mre fuhdwlrq dw jurzlqj sodqwv zkhq wkh zdjh fkdqjhv dqg ohdgv wr mre ghvwuxfwlrq
ehlqj pruh yduldeoh wkdq mre fuhdwlrq1
Wkh srodu rssrvlwh ri wkh wzr0shulrg f|foh iru wkh zdjh lv wr vxssrvh wkdw zkhq frpsxwlqj
wkhlu rswlpdo hpsor|phqw srolf|/ sodqw pdqdjhuv h{shfw wkh fxuuhqw zdjh wr suhydlo iruhyhu1
Wklv lv fdswxuhg e| dvvxplqj 4 'lq +714,1 Zh h{dplqh krz jurvv mre  rzv uhvsrqg wr d rqfh
dqg iru doo xqdqwlflsdwhg fkdqjh lq wkh zdjh/ kroglqj {hg wkh rwkhu sdudphwhuv dw wkh ydoxhv
xvh lq wkh wzr0shulrg f|foh h{dpsohv1 Wklv h{shulphqw lv dqdorjrxv wr wkh h{dpsoh glvfxvvhg lq
Vhfwlrq 5151 Iljxuh 715 sorwv mre fuhdwlrq dqg ghvwuxfwlrq iru fkdqjhv lq wkh zdjh iurp `, wr `￿
+wrs judsk, dqg iurp ` ￿ wr `, +erwwrp judsk,1 Lq hdfk fdvh wkh fkdqjh lq wkh zdjh rffxuv diwhu
uvw vlpxodwlqj wkh prgho iru vhyhudo shulrgv dw wkh suh0fkdqjh zdjh xqwlo hpsor|phqw dqg wkh
glvwulexwlrq ri hpsor|phqw dfurvv sodqwv frqyhujh1 Jurvv mre  rzv xqghu wkh wzr dvvxpswlrqv
ri srvlwlyh dqg }hur dgmxvwphqw frvwv duh sorwwhg uhodwlyh wr wkhlu suh0zdjh0fkdqjh ydoxh1
Frqvlghu wkh iulfwlrqohvv fdvhv uvw1 Dv lq wkh wzr0shulrg f|foh h{dpsohv/ zdjh fkdqjhv
lqgxfh pryhphqwv lq fuhdwlrq dqg ghvwuxfwlrq lq rssrvlwh gluhfwlrqv1 Mre ghvwuxfwlrq ulvhv dqg
mre fuhdwlrq idoov iroorzlqj d zdjh lqfuhdvh/ dqg wkh| uhyhuvh wkhlu urohv iroorzlqj d zdjh ghfuhdvh1
Diwhu rqh shulrg mre fuhdwlrq dqg ghvwuxfwlrq uhwxuq wr wkhlu suh0zdjh0fkdqjh ydoxhv1 Lq erwk
fdvhv/ wkh pdjqlwxgh ri wkh lqlwldo fkdqjh lq wkh jurvv mre  rz zklfk lqfuhdvhv lv juhdwhu wkdq wkh
fruuhvsrqglqj pdjqlwxgh iru wkh jurvv  rz zklfk ghfuhdvhv1 Lq dggwlrq/ mre ghvwuxfwlrq*v ulvh
zkhq wkh zdjh lqfuhdvhv lv wkh vdph dv mre fuhdwlrq*v ulvh zkhq wkh zdjh ghfuhdvhv1 Vlploduo|/
mre fuhdwlrq*v idoo zkhq wkh zdjh lqfuhdvhv htxdov mre ghvwuxfwlrq*v idoo zkhq wkh zdjh ghfuhdvhv1
Frqvhtxhqwo|/ wkh uhvsrqvhv ri qhw mre jurzwk +qrw vkrzq, duh/ dv h{shfwhg/ v|pphwulf dfurvv
wkh wzr zdjh fkdqjhv1
Wkh uhvsrqvhv ri mre fuhdwlrq dqg ghvwuxfwlrq zlwkrxw dgmxvwphqw frvwv uh hfw dq lqwhudfwlrq
ehwzhhq wkh glvwulexwlrq ri lglrv|qfudwlf vkrfnv dqg sodqwv* hpsor|phqw ghflvlrqv1 Wklv lqwhu0
dfwlrq sod|v d vljqlfdqw uroh lq wkh g|qdplfv ri mre fuhdwlrq dqg ghvwuxfwlrq xqghu srvlwlyh
dgmxvwphqw frvwv1 Iljxuh 715 lqglfdwhv wkh dgmxvwphqw frvwv gdpshq wkh uhvsrqvhv ri erwk mre
fuhdwlrq dqg ghvwuxfwlrq lq wkh shulrg ri wkh zdjh fkdqjhv1 Dv lq wkh iulfwlrqohvv fdvh/ wkh pdj0
qlwxgh ri wkh lqlwldo fkdqjh lq wkh jurvv mre  rz zklfk lqfuhdvhv lv juhdwhu wkdq wkh fruuhvsrqglqj
pdjqlwxgh iru wkh jurvv  rz zklfk ghfuhdvhv1 Lq frqwudvw wr wkh wzr0shulrg f|foh h{dpsoh/ wkh
dgmxvwphqw frvwv dsshdu wr gdpshq ghvwuxfwlrq e| pruh wkdq fuhdwlrq lq wkh shulrg ri wkh
59Iljxuh 715= Wkh G|qdplfv ri Jurvv Mre Iorzv lq Uhvsrqvh wr Shupdqhqw Zdjh Fkdqjhv
zdjh fkdqjhv1 Wkh idoo lq mre fuhdwlrq zkhq wkh zdjh lqfuhdvhv lv hvvhqwldoo| wkh vdph dv wkh
idoo lq mre ghvwuxfwlrq zkhq wkh zdjh ghfuhdvhv1 Krzhyhu/ wkh ulvh lq mre fuhdwlrq zkhq wkh
zdjh ghfuhdvhv h{fhhgv wkh ulvh lq mre ghvwuxfwlrq zkhq wkh zdjh lqfuhdvhv +4<( yhuvxv 48(,1
Wkhvh revhuydwlrqv duh frqvlvwhqw zlwk hpslulfdo hylghqfh uhsruwhg e| Fdpsehoo dqg Nxwwqhu
+4<<9, wkdw hpsor|phqw lq wkh XV pdqxidfwxulqj vhfwru dgmxvwv sulpdulo| wkurxjk mre fuhdwlrq
lq uhvsrqvh wr shupdqhqw vkrfnv1
Dv lq wkh wzr0shulrg f|foh fdvh/ srvlwlyh dgmxvwphqw frvwv lqwurgxfh dq dv|pphwu| lqwr krz
wkh fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv uhvsrqg wr d zdjh fkdqjh1 Krzhyhu/ wkh dv|pphwu| lv
pxfk ohvv surqrxqfhg khuh/ dqg wklv khosv wr h{sodlq zk| dgmxvwphqw frvwv kdyh d glhuhqw hhfw
rq fuhdwlrq dqg ghvwuxfwlrq zkhq zdjh fkdqjhv duh shupdqhqw frpsduhg wr wkh wzr0shulrg f|foh
fdvh1 Lq wkh fxuuhqw h{dpsoh/ wkh glhuhqfh ehwzhhq wkh lqwhufhswv ri wkh wzr orj ghvwuxfwlrq
vfkhgxohv lv fSSc zkloh wkh glhuhqfh ehwzhhq wkh lqwhufhswv ri wkh wzr orj fuhdwlrq vfkhgxohv
lv fDHb1 Wkhuhiruh/ wkh vkliw lq wkh ghvwuxfwlrq vfkhgxoh lv rqo| I odujhu wkdq wkh vkliw lq
wkh fuhdwlrq vfkhgxoh zkhq wkh zdjh fkdqjhv/ frpsduhg wr bDI lq wkh wzr0shulrg f|foh fdvh1
5:Wkh uhdvrq iru wkh uhgxfwlrq lq wkh dv|pphwu| lv wkdw zkhq wkh zdjh fkdqjh lv shupdqhqw wkh
h{shfwhg vdylqjv ri mre fuhdwlrq frvwv wrpruurz iurp fuhdwlqj d mre wrgd| orrp odujhu lq wkh
fdofxodwlrq ri wkh hhfwlyh frvw ri mre fuhdwlrq dqg wkh h{shfwhg frvw ri uhyhuvlqj wkh fuhdwlrq
ghflvlrq lv ohvv lpsruwdqw1 Wkxv/ wkh wrwdo h{shfwhg glvfrxqwhg dgmxvwphqw frvwv dvvrfldwhg zlwk
wkh odvw mre fuhdwhg idoo1 Wkh shupdqhqw qdwxuh ri wkh zdjh fkdqjh kdv d vlplodu lpsdfw rq
wkh ghvwuxfwlrq pdujlq e| orzhulqj wkh wrwdo h{shfwhg glvfrxqwhg dgmxvwphqw frvwv dvvrfldwhg
zlwk wkh odvw mre ghvwur|hg1 Wkh uhgxfwlrq lq wrwdo dgmxvwphqw frvwv plwljdwhv wkh dv|pphwulf
 xfwxdwlrqv lq wkh mre fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv15;
Wkh qglqjv lqglfdwhg lq Iljxuh 715 frqwudvw vkduso| zlwk wkh shupdqhqw zdjh fkdqjh h{0
dplqhg lq Vhfwlrq 5151 Lq Vhfwlrq 515 wkh h{dpsoh zdv frqvwuxfwhg vr wkdw wkh glvwulexwlrq
ri hpsor|phqw dfurvv sodqwv zdv sdvvlyh lq wkh ghwhuplqdwlrq ri mre fuhdwlrq dqg ghvwuxfwlrq1
Vshflfdoo|/ d frqvwdqw iudfwlrq ri sodqwv lqfuhdvhg hpsor|phqw dqg d frqvwdqw iudfwlrq gh0
fuhdvhg hpsor|phqw hdfk shulrg uhjdugohvv ri wkh zdjh/ vr wkdw wkh hpsor|phqw ghflvlrqv ri
lqglylgxdo sodqwv zhuh vx!flhqw wr xqghuvwdqg jurvv mre  rzv1 Khuh/ wkh srsxodwlrq ri sodqwv
hlwkhu fuhdwlqj ru ghvwur|lqj mrev lv lq xhqfhg e| wkh fkdqjhv lq wkh hpsor|phqw srolf| lqgxfhg
e| wkh zdjh fkdqjhv1 Dv zh ghvfulehg lq Vhfwlrq 716/ wklv lq xhqfh fdq zrun wr rvhw wkh lpsdfw
ri wkh ghflvlrqv ri lqglylgxdo sodqwv rq djjuhjdwh mre  rzv1 Wkh vdph hhfw zdv dw zrun lq wkh
wzr0shulrg f|foh fdvh/ exw vlqfh wkh pdjqlwxgh ri wkh vkliwv lq wkh hpsor|phqw vfkhgxohv zhuh
pxfk vpdoohu wkhuh/ lw sod|hg d uhodwlyho| vpdoo uroh1 Wkhvh qglqjv duh uhplqlvfhqw ri wkh idoodf|
ri frpsrvlwlrq ghvfulehg e| Fdedoohur +4<<5, dqg kljkoljkw wkh gl!fxow| lq gudzlqj frqfoxvlrqv
derxw djjuhjdwhv iurp plfurhfrqrplf ghflvlrqv1
D qdo revhuydwlrq zruwk pdnlqj derxw Iljxuh 715 lv wkdw srvlwlyh dgmxvwphqw frvwv lqwurgxfh
shuvlvwhqfh lqwr wkh uhvsrqvhv ri jurvv mre  rzv1 Wkh nh| khuh lv wkh uhjlrq ri lqdfwlrq lq wkh
vwdwh vsdfh ri wkh hpsor|phqw srolf| ixqfwlrq lqgxfhg e| sursruwlrqdo dgmxvwphqw frvwv1 Dv lv
zhoo nqrzq/ wklv ihdwxuh ri wkh prgho surylghv iru dq hqgrjhqrxv vrxufh ri shuvlvwhqfh lq jurvv
mre  rzv vlqfh lqglylgxdo sodqwv duh vorz wr uhvsrqg wr zdjh fkdqjhv1
5;Dw wklv srlqw lw pd| eh khosixo wr uhfrqvlghu wkh glvfxvvlrq dw wkh hqg ri Vhfwlrq 5 vxuurxqglqj wkh hodvwlflwlhv
lq +518, dqg +519,1
5;7161 Txdqwli|lqj wkh Hhfwv ri Dgmxvwphqw Frvwv
Zh qrz vwxg| wkh vwdwlvwlfdo surshuwlhv ri wkh prgho dqg frpsduh wkhp wr ghvhdvrqdol}hg txdu0
whuo| gdwd rq jurvv mre  rzv iru wkh wudqvsruwdwlrq lqgxvwu| ryhu wkh vdpsoh shulrg 4<:5=LL wr
4<;;=LY15< Iru wklv h{huflvh zh vshfli| 4 'flq +714, vr wkdw wkh zdjh lv l1l1g1 Wklv uhsuhvhqwv
dq lqwhuphgldwh fdvh frpsduhg wr wkh h{shulphqwv frqgxfwhg deryh/ dqg lw vhhpv olnh d vhqvleoh
ehqfkpdun jlyhq wkh hqgrjhqrxv shuvlvwhqfh lq jurvv mre  rzv douhdg| suhvhqw lq wkh prgho1 Lq
Wdeoh 714 zh uhsruw vwdwlvwlfv rq jurvv mre  rzv iru wkh wudqvsruwdwlrq lqgxvwu| dqg vwdwlvwlfv
edvhg rq vlpxodwlqj wkh prgho1 Rxu edvholqh fdvh lv wkh fdoleudwhg prgho zlwk srvlwlyh dgmxvw0
phqw frvwv dqg zh dovr frqvlghu d fdoleudwlrq edvhg rq }hur dgmxvwphqw frvwv163 Rwkhu hqwulhv
lq wkh wdeoh fruuhvsrqg wr h{shulphqwv ghvljqhg wr looxvwudwh ydulrxv prgho surshuwlhv164 Zh
dgrsw wkh qrwdwlrq xvhg e| Gdylv/ Kdowlzdqjhu/ dqg Vfkxk +4<<9, wr ghqrwh wkh frpsrqhqwv
ri jurvv mre  rzv= mre ghvwuxfwlrq lv ghqrwhg e| .Cc mre fuhdwlrq e| 7/ mre uhdoorfdwlrq
lv ghqrwhg e| 7Lc zkhuh 7L ' .Cn 7cdqg mre jurzwk lv ghqrwhg e| .Ac zkhuh
.A ' 7 .C
Frqvlghu wkh fdoleudwhg iulfwlrqohvv fdvh/ S ' _ 'f / uvw1 Qrwlfh wkdw wklv prgho fdq
dffrxqw iru pdq| ihdwxuhv ri wkh wudqvsruwdwlrq lqgxvwu| gdwd1 Wkh fdoleudwlrq surfhgxuh jxdu0
dqwhhv wkdw wkh vwdqgdug ghyldwlrq ri .A lq wkh prgho h{dfwo| pdwfkhv wkdw lq wkh gdwd1 Lq
wkh prgho dqg wkh gdwd 7lv vwurqjo| surf|folfdo/ .Clv vwurqjo| frxqwhuf|folfdo/ dqg 7
dqg .C duh qhjdwlyh fruuhodwhg1 Wkhvh revhuydwlrqv vhhp lq olqh zlwk wkh lpsuhvvlrqv jlyhq
e| Iljxuhv 714 dqg 7151
Wkh iulfwlrqohvv prgho kdv wzr pdlq vkruwfrplqjv1 Iluvw/ lw xqghusuhglfwv wkh yduldqfh udwlr/
E.C*E7c wkh phdvxuh ri dv|pphwulhv lq jurvv mre  rzv xvhg e| Gdylv/ Kdowlzdqjhu dqg
Vfkxk +4<<9,1 Vhfrqg/ lw suhglfwv wkdw mre uhdoorfdwlrq lv df|folfdo/ wkdw lv wkh fruuhodwlrq ri 7L
dqg .A lv }hur1 Wkh idloxuh zlwk uhvshfw wr wkh yduldqfh udwlr ghulyhv iurp xqghusuhglfwlqj
wkh yrodwlolw| ri .C dqg ryhusuhglfwlqj wkh yrodwlolw| ri 71W k d w 7L lv df|folfdo lv
h{sodlqhg e| wkh idfw wkdw wkh fryduldqfh ehwzhhq .A dqg 7L lv htxdo wr wkh yduldqfh ri
5<Wkh udz gdwd zhuh frpslohg e| Gdylv/ Kdowlzdqjhu dqg Vfkxk +4<<9,1 Rxu ghvhdvrqdol}dwlrq surfhgxuh
lqyroyhv uhprylqj txduwhuo| phdqv1
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64Doo vwdwlvwlfv iru wkh prgho duh edvhg rq vlpxodwlqj wkh prgho iru 4383 shulrgv/ vwduwlqj dw wkh vwhdg| vwdwh
glvwulexwlrq ri hpsor|phqw dfurvv sodqwv/ dqg wkhq glvfduglqj wkh uvw 83 revhuydwlrqv1
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Qrwhv= +l, E% ghqrwhv wkh yduldqfh ri yduldeoh %/ rE% ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh
%c SE%c+ ghqrwhv wkh fruuhodwlrq ehwzhhq yduldeoh % dqg yduldeoh +/d q g4E% lv wkh dxwrfruuh0
odwlrq frh!flhqw ri yduldeoh %1 Vwdqgdug ghyldwlrqv duh uhsruwhg lq shu fhqw1 Vhh wkh wh{w iru
yduldeoh ghqlwlrqv +ll, Edvhg rq ghvhdvrqdol}hg gdwd iru wkh wudqvsruwdwlrq htxlsphqw lqgxvwu|1
+lll, Prghov fdoleudwhg wr wkh wudqvsruwdwlrq lqgxvwu| dv ghvfulehg lq wkh wh{w1 +ly, Prghov zlwk
doo sdudphwhuv lghqwlfdo wr wkh edvholqh fdoleudwlrq h{fhsw dv lqglfdwhg1
7ohvv wkh yduldqfh ri .C1 Rwkhu zhdnqhvvhv ri wkh iulfwlrqohvv prgho duh wkdw 7L lv wrr
vprrwk dqg wkdw .A lv qhjdwlyho| dxwrfruuhodwhg1 Wkh iruphu lv gxh wr wkh h{fhvvlyh qhjdwlyh
fruuhodwlrq ri 7 dqg .C zkloh wkh odwwhu iroorzv iurp wkh forvh dvvrfldwlrq ri mre jurzwk
zlwk zdjh jurzwk +zklfk lv qhjdwlyho| dxwrfruuhodwhg khuh, zkhq hpsor|phqw dw wkh plfur0ohyho
lv ghwhuplqhg e| d vwdwlf oderu ghpdqg vfkhgxoh1
Wdeoh 714 vkrzv wkdw wkh edvholqh prgho uhsuhvhqwv dq lpsuryhphqw ryhu wkh iulfwlrqohvv
prgho1 Vljqlfdqwo|/ wkh yduldqfh udwlr ulvhv iurp xqlw| wr 41;<1 Wklv lv ehorz wkh ydoxh lq wkh
gdwd/ exw vwloo vxevwdqwldo1 Wkh lpsuryhphqw lq wkh yduldqfh udwlr frpsduhg wr wkh iulfwlrqohvv
fdvh lv dfklhyhg e| uhgxflqj wkh yrodwlolw| ri 7 dqg dpsoli|lqj  xfwxdwlrqv lq .Cclq erwk
fdvhv prylqj wkh prgho forvhu wr wkh gdwd1 Wkhvh hhfwv duh gxh wr dv|pphwulf yduldwlrq lq wkh
hpsor|phqw vfkhgxohv= wkh ghvwuxfwlrq vfkhgxoh vkliwv e| :4( pruh wkdq wkh fuhdwlrq vfkhgxoh
zkhqhyhu wkh zdjh fkdqjhv1 Rqh zd| wr jdxjh wkh lpsruwdqfh ri wklv dv|pphwu| lv wr frpsduh
wkh edvholqh prgho wr d fdvh zkhuh zh nhhs wkh sdudphwhuv dw wkhlu edvholqh ydoxhv exw duwlfldoo|
frqvwudlq wkh orj fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv wr vkliw e| wkh vdph dprxqw lq uhvsrqvh wr
63d zdjh fkdqjh1 Vshflfdoo|/ zh { wkh vfkhgxohv dv iroorzv=
Il{hg Fuhdwlrq Vfkhgxoh= *??| '* ?+E n ￿
￿3k *?5|  ￿
￿3k *?`|
Il{hg Ghvwuxfwlrq Vfkhgxoh= *??| '* ?+E n ￿
￿3k *?5|  ￿
￿3k *?`|
c
zkhuh +E dqg +E duh wkh ydoxhv ri wkh vfdohg hpsor|phqw wkuhvkrogv frpsxwhg lq d yhuvlrq ri
wkh prgho zlwkrxw djjuhjdwh xqfhuwdlqw| lq zklfk wkh zdjh lv htxdo wr xqlw|1 Zkhq zh vlpxodwh
wklv prgho wkh yduldqfh udwlr idoov wr 31:61
J l y h qw k hd v | p p h w u |l qk r z7 dqg .C ydu|/ wkh prgho dovr suhglfwv frxqwhuf|folfdo
mre uhdoorfdwlrq  wkh fruuhodwlrq ri .A zlwk 7L lv vwurqjo| qhjdwlyh dv lw lv lq wkh gdwd1
Dqrwkhu lpsuryhphqw ryhu wkh iulfwlrqohvv prgho fdq eh vhhq lq whupv ri wkh shuvlvwhqfh ri
 xfwxdwlrqv lq mre jurzwk/ zklfk lv forvhu wr wkh gdwd1 Ilqdoo|/ lqfrusrudwlqj dgmxvwphqw frvwv
grhv qrw lpsuryh wkh prgho*v suhglfwlrqv zlwk uhvshfw wr wkh fruuhodwlrq ehwzhhq 7 dqg
.Cc zklfk lv vwloo wrr vwurqjo| qhjdwlyh/ dqg wkhuhiruh 7L uhpdlqv wrr vprrwk uhodwlyh wr
wkh gdwd1 Krzhyhu/ wkh idfw wkdw 7 dqg .C uhpdlq qhjdwlyho| fruuhodwhg dv wkh| duh lq
wkh gdwd lv d ghvludeoh ihdwxuh ri wkh prgho1
Iru wkh uhpdlqghu ri wklv vhfwlrq zh glvfxvv krz ydulrxv sdudphwhuv lq xhqfh wkh ehkdylru ri
wkh prgho1 Lq Wdeoh 714 zh uhsruw uhvxowv ri wkuhh h{shulphqwv zklfk looxvwudwh krz wkh prgho*v
surshuwlhv ghshqg rq wkh dvvxphg dgmxvwphqw frvwv1 Iru wkhvh h{shulphqwv doo sdudphwhuv duh
nhsw dw wkhlu edvholqh ydoxhv h{fhsw iru wkh dgmxvwphqw frvwv1 Zh frqvlghu wkh lpsolfdwlrqv ri
dvvxplqj S ' _ ' f/ S 'fdqg _ ' *2/d q gS ' *2 dqg _ 'f 1W k h S ' _ ' f
fdvh uhyhdov wkdw dgmxvwphqw frvwv ri 4416( ri yduldeoh frvwv jlyh ulvh wr dv|pphwulhv lq jurvv
mre  rzv dssurdfklqj wkdw lq wkh gdwd1 H{fhsw iru wkh uhgxfhg yrodwlolw| h{shfwhg zlwk odujhu
dgmxvwphqw frvwv/ wklv yhuvlrq ri wkh prgho kdv wkh vdph edvlf fkdudfwhulvwlfv dv wkh edvholqh1
Wkh S 'fdqg _ 'fh{shulphqwv |lhog yluwxdoo| lghqwlfdo uhvxowv1 Lq sduwlfxodu wkh| erwk
lpso| d yduldqfh udwlr vljqlfdqwo| juhdwhu wkdq xqlw| dqg/ yrodwlolw| dvlgh/ wkh vwdwlvwlfv frqirup
zlwk wkh edvholqh1 Wdnhq wrjhwkhu/ wkh wkuhh dgmxvwphqw frvw shuwxuedwlrqv ghprqvwudwh wkdw
lw lv wkh ryhudoo pdjqlwxgh ri dgmxvwphqw frvwv/ qrw zkhwkhu wkh| duh frvwv ri mre fuhdwlrq ru
ghvwuxfwlrq/ zklfk lv fuxfldo wr ghwhuplqlqj wkh vl}h ri wkh yduldqfh udwlr1
Jlyhq Irrwh*v +4<<:, uhvxowv lw lv lqwhuhvwlqj wr lqyhvwljdwh krz wuhqgv lq hpsor|phqw jurzwk
lq xhqfh wkh prgho*v suhglfwlrqv1 Wkh c.E.A'fI* h{shulphqw lq Wdeoh 714 lv ghvljqhg
64iru wklv sxusrvh1 Khuh zh kdyh ohiw doo sdudphwhuv dw wkhlu edvholqh ydoxhv h{fhsw iru >c zklfk
kdv ehhq dgmxvwhg vr wkdw wkh prgho lpsolhv dyhudjh hpsor|phqw jurzwk htxdo wr fI shu
txduwhu/ wkh ydoxh iru wkh wudqvsruwdwlrq vhfwru ryhu wkh vdpsoh shulrg1 Dv wkh wdeoh vkrzv/
wkh wuhqg kdv d prghvw hhfw rq wkh yduldqfh udwlr/ lqfuhdvlqj lw iurp 41;< wr 41<:1 Wkh rwkhu
vwdwlvwlfv duh qrw lq xhqfhg yhu| pxfk hlwkhu1 Zkloh odujhu wuhqgv fhuwdlqo| kdyh d juhdwhu
lpsdfw rq jurvv mre  rzv/ jhqhudoo| wkh hhfwv ri hpsor|phqw wuhqgv vhhp vpdoo uhodwlyh wr wkh
lq xhqfh ri wkh hpsor|phqw vfkhgxohv1
Wkh odvw h{shulphqw lq Wdeoh 714 looxvwudwhv wkh lpsdfw ri kljko| shuvlvwhqw zdjh fkdqjhv1
Doo sdudphwhuv duh djdlq ohiw dw wkhlu edvholqh ydoxhv/ h{fhsw iru 4 zklfk lv vhw wr 31<1 Wkh
dv|pphwu| lq jurvv mre  rzv glvdsshduv lq wklv fdvh1 Wklv lv frqvlvwhqw zlwk wkh dqdo|vlv ri
shupdqhqw zdjh fkdqjhv lq Vhfwlrq 7151
81 Frqfoxvlrq
Zh kdyh ghvfulehg d prgho lq zklfk dv|pphwulf yduldwlrq lq jurvv mre  rzv dulvhv qdwxudoo|
iurp surw pd{lpl}dwlrq lq wkh suhvhqfh ri sursruwlrqdo mre fuhdwlrq ru ghvwuxfwlrq frvwv1 Wkh
dgmxvwphqw frvwv fdxvh hpsor|phqw dw vkulqnlqj sodqwv wr uhvsrqg e| pruh wr djjuhjdwh vkrfnv
wr wkh frvw ri d mre wkdq hpsor|phqw dw jurzlqj sodqwv1 Rxu txdqwlwdwlyh dqdo|vlv frquphg
wkdw wklv phfkdqlvp fdq dffrxqw iru dv|pphwulf yduldwlrq lq mre fuhdwlrq dqg ghvwuxfwlrq ri wkh
nlqg revhuyhg lq wkh XV pdqxidfwxulqj vhfwru1 Lq dgglwlrq/ zh irxqg wkh phfkdqlvp wr kdyh
wkh vwurqjhvw lq xhqfh rq jurvv mre  rzv zkhq glvwxuedqfhv wr wkh frvw ri d mre duh h{shfwhg
wr eh vkruw olyhg1 Lqwhusuhwlqj wkh frvw vkrfnv eurdgo| dv ehlqj gxh wr fkdqjhv lq hqhuj| sulfhv/
wkh whupv ri wudgh/ ru wkh frvw ri vkruw whup zrunlqj fdslwdo/ wkhvh qglqjv vxjjhvw d qhz zd|
ri xqghuvwdqglqj wkh hylghqfh rq jurvv mre  rzv1
Wkh dssduhqw lqfrqvlvwhqf| ri revhuyhg jurvv mre  rzv zlwk vwdqgdug htxloleulxp exvlqhvv
f|foh prghov kdv prwlydwhg d vxevwdqwldo erg| ri uhvhdufk1 Wklv uhvhdufk kdv hpskdvl}hg wzr
pdlq ghsduwxuhv iurp wkh vwdqgdug iudphzrun1 Iluvw/ lghqwlfdo surgxfhuv kdyh ehhq uhsodfhg
e| khwhurjhqhrxv surgxfhuv1 Vhfrqg/ iulfwlrqv lq oderu pdunhwv kdyh ehhq lqwurgxfhg1 Rqh
frqfoxvlrq wkdw frxog eh gudzq iurp wklv olwhudwxuh lv wkdw erwk khwhurjhqhlw| dprqj surgxfhuv
dqg oderu pdunhw iulfwlrqv duh lpsruwdqw iru xqghuvwdqglqj wkh uhodwlrqvkls ehwzhhq jurvv mre
 rzv dqg exvlqhvv f|fohv1 Oderu pdunhw iulfwlrqv sod|hg qr uroh lq rxu dqdo|vlv1 Wklv vxjjhvwv
65wkdw wkh vhfrqg ri wkhvh prglfdwlrqv pd| qrw eh lpsruwdqw iru xqghuvwdqglqj wkh hylghqfh rq
jurvv mre  rzv1
Dowkrxjk rxu prgho kdv d jhqhudo htxloleulxp lqwhusuhwdwlrq/ wkh dvvxpswlrqv ri frqvwdqw
pdujlqdo xwlolw| ri frqvxpswlrq/ lqqlwho| hodvwlf oderu vxsso|/ dqg qr vdylqj duh wrr uhvwulfwlyh
iru txdqwlwdwlyh jhqhudo htxloleulxp exvlqhvv f|foh vwxglhv1 Dffruglqjo|/ lw zrxog eh xvhixo wr
lqfrusrudwh rxu prgho ri sodqw g|qdplfv lqwr d vwdqgdug g|qdplf jhqhudo htxloleulxp exvlqhvv
f|foh iudphzrun1 Nulhjhu*v +4<<:, jhqhudo htxloleulxp dqdo|vlv ri sduwldoo| uhyhuvleoh lqyhvwphqw
ghflvlrqv lv vxjjhvwlyh ri zkdw zh pljkw qg e| grlqj wklv1 Lq klv prgho/ d {hg srsxodwlrq ri
khwhurjhqhrxv sodqwv iroorz lqyhvwphqw srolflhv fkdudfwhul}hg e| lqyhvwphqw dqg glvlqyhvwphqw
vfkhgxohv zklfk kdyh frqvwdqw dqg lghqwlfdo vorshv/ dqdorjrxv wr wkh mre fuhdwlrq dqg ghvwuxfwlrq
vfkhgxohv vwxglhg khuh1 Jhqhudo htxloleulxp hhfwv ri whfkqrorj| vkrfnv fdxvh wkh vfkhgxohv*
lqwhufhswv wr ydu| ryhu wlph/ zklfk ohdgv sodqwv wkdw vfuds fdslwdo wr eh pruh vhqvlwlyh wr
djjuhjdwh vkrfnv wkdq sodqwv wkdw h{sdqg wkhlu fdslwdo vwrfn1 Wklv qglqj uhvhpeohv rxu uhvxow
uhjduglqj wkh uhodwlyh vhqvlwlylw| ri mre fuhdwlqj dqg ghvwur|lqj sodqwv/ dqg vr zh h{shfw rxu
uhvxowv zloo h{whqg wr d vwdqgdug jhqhudo htxloleulxp exvlqhvv f|foh iudphzrun1
Rwkhu h{whqvlrqv wr rxu prgho duh vxjjhvwhg e| uhfhqw hpslulfdo zrun1 Iru h{dpsoh/ Fd0
edoohur/ Hqjho dqg Kdowlzdqjhu +4<<:, surylgh vxssruw iru wkh ylhz wkdw qrq0frqyh{lwlhv duh
lpsruwdqw iru h{sodlqlqj hpsor|phqw yduldwlrq dw pdqxidfwxulqj sodqwv1 Lw zrxog eh lqwhuhvwlqj
wr ghwhuplqh zkhwkhu wkh plfurhfrqrplf dv|pphwulhv zh vwxg| khuh h{whqg wr hqylurqphqwv
zlwk qrq0frqyh{lwlhv1 Fdedoohur/ Hqjho dqg Kdowlzdqjhu +4<<9,/ Fdpsehoo dqg Nxwwqhu +4<<9,
dqg Gdylv dqg Kdowlzdqjhu +4<<:, hpskdvl}h wkh lpsruwdqfh ri uhdoorfdwlrq glvwxuedqfhv1 Vxfk
vkrfnv frxog eh dffrpprgdwhg lq rxu iudphzrun e| doorzlqj wkh yduldqfh ri wkh glvwulexwlrq
ri lglrv|qfudwlf vkrfnv wr eh d udqgrp yduldeoh1 Wklv prglfdwlrq zrxog hqfrxudjh srvlwlyh
fr0pryhphqw ehwzhhq mre fuhdwlrq dqg ghvwuxfwlrq/ zklfk zrxog khos rxu prgho wr dffrxqw
iru wkh jhqhudoo| prghudwh qhjdwlyh fruuhodwlrqv ehwzhhq fuhdwlrq dqg ghvwuxfwlrq irxqg lq wkh
pdqxidfwxulqj gdwd1
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Dqgroidwwr/ Gdylg1 4<<91 Exvlqhvv F|fohv dqg Oderu0Pdunhw Vhdufk1 Dphulfdq Hfrqrplf
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Ehqyhqlvwh/ O1P1 dqg M1D1 Vfkhlqnpdq1 4<:<1 Rq wkh Glhuhqwldelolw| ri wkh Ydoxh Ixqfwlrq lq
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phqw Uhdoorfdwlrq1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:/ ;4<0;961
Gdylv/ Vwhyhq M1/ Mrkq F1 Kdowlzdqjhu/ dqg Vfrww Vfkxk1 4<<91 Mre Fuhdwlrq dqg Ghvwuxfwlrq1
PLW Suhvv1 Fdpeulgjh/ Pdvv1
Gdylv/ Vwhyhq M1 dqg Mrkq Kdowlzdqjhu1 4<<91 Gulylqj Irufhv dqg Hpsor|phqw Ioxfwxdwlrqv1
QEHU Zrunlqj Sdshu &8::81
Irrwh/ Fkulvwrskhu O1 4<<:1 Wuhqg Hpsor|phqw Jurzwk dqg wkh Exqfklqj ri Mre Fuhdwlrq dqg
Ghvwuxfwlrq1 Xqsxeolvkhg Zrunlqj Sdshu1 Kduydug Xqlyhuvlw|
Kdoo/ Urehuw H1 4<<81 Orvw Mrev1 Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4= 5545:61
Kdphuphvk/ Gdqlho V1 4<;<1 Oderu Ghpdqg dqg wkh Vwuxfwxuh ri Dgmxvwphqw Frvwv1 Dphulfdq
Hfrqrplf Uhylhz :<+7,/ 9:79;<1
67Kdphuphvk/ Gdqlho V1/ Zrowhu K1M1 Kdvvlqn/ dqg Mdq F1 ydq Rxuv1 4<<71 Mre Wxuqryhu dqg
Oderu Wxuqryhu= D Wd{rqrp| ri Hpsor|phqw G|qdplfv1 Zrunlqj Sdshu/ Yulmh Xqlyhuvlwhlw
Dpvwhugdp1
Kdphuphvk/ Gdqlho V1 dqg Jhudug D1 Sidqq1 4<<91 Dgmxvwphqw Frvwv lq Idfwru Ghpdqg1
Mrxuqdo ri Hfrqrplf Olwhudwxuh 67+6, 459745<51
Krshqkd|q/ Kxjr1 dqg Ulfkdug Urjhuvrq1 4<<61 Mre Wxuqryhu dqg Srolf| Dqdo|vlv= D Jhqhudo
Htxloleulxp Dqdo|vlv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 93+8,/ 445:044831
Nulhjhu/ Vwhidq1 4<<:1 Wkh Jhqhudo Htxloleulxp G|qdplfv ri Lqyhvwphqw dqg Vfudsslqj lq dq
Hfrqrp| zlwk Ilup Ohyho Xqfhuwdlqw|1 Xqsxeolvkhg Pdqxvfulsw1 \doh Xqlyhuvlw|1
Od}hdu/ Hgzdug S1 4<<81 Shuvrqqho Hfrqrplfv1 PLW Suhvv1 Fdpeulgjh/ Pdvv1
Oxfdv/ Urehuw H1 4<:;1 Rq wkh Vl}h Glvwulexwlrq ri Exvlqhvv Ilupv1 Ehoo Mrxuqdo ri Hfrqrplfv/
<+5,/ 83;8561
Pruwhqvhq/ Gdoh W1 4<<71 Wkh F|folfdo Ehkdylru ri Mre dqg Zrunhu Iorzv1 Mrxuqdo ri Hfrqrplf
G|qdplfv dqg Frqwuro/ 4;/ 4454044751
Pruwhqvhq/ Gdoh W1 dqg Fkulvwrskhu D1 Slvvdulghv1 4<<71 Mre Fuhdwlrq dqg Mre Ghvwuxfwlrq lq
wkh Wkhru| ri Xqhpsor|phqw1 Uhylhz ri Hfrqrplf Vwxglhv/ 94/ 6<:7481
Vwrnh|/ Qdqf| O1 dqg Urehuw H1 Oxfdv Mu1 +zlwk Hgzdug F1 Suhvfrww,1 4<;<1 Uhfxuvlyh Phwkrgv
lq Hfrqrplf G|qdplfv1 Kduydug Xqlyhuvlw| Suhvv1 Fdpeulgjh/ Pdvv1
68